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8LOCK 20 (CONTINUED)

“
~Fhese coupler components were fabr ica ted by direct fusion of plastic clad
silica (PCS) fiber cores. Power division or distribution in these couplers
is proportional to the ratio of the area of any port to that of the total
coupler cross—sectional area, termed area ratio splitting . 

________

Directional couplers with —3.0 dB and —13.0 dB tap—off levels were fabri— • 
.

cated . For the —3 dB design, excess loss of less than —1 dB was achieved
routinely; minimum excess loss was 0.22 dB. For the —13 dB design, actual
tap—off levels ranged from —14 dB to —16 dB. The excess loss ranged from
—0.7 dB to —1.0 dB.

The directional couplers investigated were also assembled to form “T”
couplers of the same design tap—off  levels. The excess losses in these
components were higher than expected , due to a modal redistribution
phenomenon in the const i tuent  directional  coup lers , each wi th  its  own
specific modal redistribution signature. This phenomenon was more
strongly evident in the even split “T” coupler design. Excess loss in

• these components ranged from — 2 . 5  dB to — 5 . 0  dB , typically .

Due to the form of the star couplers and the f i x tu r ing  and packag ing
concepts employed , the fabrication of reflective star couplers was not
successful . Processing steps after the fusion of the coupler caused all
devices to fail .

Star couplers of the transmissive variety achieved excess loss of less than
-3 dB , —5 dB and —7 dB respectively for the 7, 19 and 32 fiber models. The
uniformity of the seven—fiber model was well within ±1 dB. It appears that
further improvements in performance will result from fabrication technique
improvement , device fixturing, and packaging which minimizes externally
induced stresses.
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Ub i s rep~l i t  I s the I i t a l  r c I e  F t  ot a one — ~ea r t eL h n o 1 og~

dcv  c i  opmcn t e f f o r t  on ~ o up i i  ug dcv  i ces f o r  f i b e r  - opt i c

d a t a  bUS systems. Spec i  t i c a l  ly  t h e  w o r k  r e p o r t ed  he r e

~ as p e r f o r m e d  u n d e r  cont  r a c t  n u m b e r  F3361 5 — 7  ~ -C - lOS S

t rom the A i r  F o r c e  A v i o n i c s  !.aboratorv at W right - Patterson

r ,:oi . Ra~~e.

I he i O V  i ces de\ 0 l o p e d  ui~de r t h i s  p r o g r a m  a I L ’ t i  I I ci ent

h r a i t c h t i  ri g c o up  l e t  ~ t~~fl” 1 sf t rig of  ho Ui d 1 reL V ona 1 an d

coup  I e rs and e I i  c I cit t ~ t ’ut  r a I d i s t i - i b u t  ion  coup l e  r s

c o n s i s t  i n g  of r e t lect ion and t r a n s m i s s i o n  d i st ri but i o n

in I .\ t - I ~ ~‘IIie t i me ~ c I L t d  ~ t a

Fhe has ic a np r o a c h  to i a h r  I c a t  i t ig  coup I e rs t or t ii i s  p r eg  ravi

i s  t o  t e r m  th e coup icr region di r e c t  lv by fus i ng bare

p l a s t i c  c l a d  s i  I i c . i  ( P C S ~ f i b e r  cor e s  t o g e t h e r .  The

approach i~as chosen on the has Is of an an~ 1 vs is p e r f o r m e d

pr io r  t~ t h e  s t a r t  o f  t h e  p r o g r a m  w h i c h  indicat ed , at  l e a s t

h r  d a t a  bu s app licati ons , th at a r e a - r a t i o  s p l i t t i n g

techni ques would he s ii i tab le t o  r con s  t i.uc t i ng t’f i c l e n t

c o u p l e r s .  l~v using h ate cores of PCS fib ers it is p o ssible

- - -~ . — — - - - -- •.*i*I*I~~~~~~~~~~~~~~~ 
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to  e l i m i n a t e  the  c o r e/ c  lad.! ing ratio l o s s e s  i n h e r e n t  in

u s ing other fiber types in an area-ratio spi i t t  ing

confi gu ra t ion.

Hig h coupling efficienc y is obtained by maintaining the

t o t a l  couple r  c r o s s - s e c t i o n a l  area  th roug hout  t h e  c o u p l e r

region . In effect , even though the cross -sectional geometry F

is changing , the effective mode volume i s  m a i n t a i n e d . By

trans it ioning slowl y enoug h from a single fiber to mu lt i ple

f i b e r s , e x c e s s  losses are minimi :ed. The slow transi-

t ion ing  of individual fiber shape i n t o  the  f u s e d  reg ion

containing more than one fiber eliminates t he  p a c k i n g

f r a c t i o n  p r o b l e m  t h a t  contribute s si gnificant excess Io~ s

in  c o u p l e r s  u s i n g  a r e a - r a t i o - s p l i t t i n g  i m p l e m e n t e d  by

i nd i v i dua l , separated mixer reg ions.

Since the actual performance of couplers fabricated by

direc t fusion of individual fib er cores is exp ect ed to

depend significantly on the fusion techni que , the major

emphasis in this program was on developing the techniques

required to produce e f f i c i en t coupler s . A s wi ll be de tai led

itt later sec ti ons it was found tha t fiber and ma te ri als

prepara t ion had  a significant impact on the ab ilit y to

produce good fus ions. It appears that the geometrical

•-

~ 
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r
c o n f i g u r a t i o n  in whi cli the f u s  i o n  i~ as n or  fo  rin e d h a d  a

s i g n i f i c a n t  J !:ipact on c o u p l e r  e x c e s s  I os~~es . The r e s u l ts

of the  e f f o r t  to  d e v e l o i ~ and r e f i n e  t h e  r e l e v a n t  process ing

and fusion techniques and t h e  c o u p l e r  p~’r f o r m a n c  e that

r e s u l t e d  f r o m  t h i s  effort are r ep o r t e d  in  t h e  f o l  low ing

s e c t i o n s .  S p e c i f i c a l l y  the ’ g e n e r a l  p r o c e s s i n g  and fusion

t echn i que c o n s i d e r a t i o n s  r e l e v a n t  to  a l l  c o u p l e r  types

arc reported in Section I I .  S e c t io n s  I I I  t h r o u g h V d e t a i l

the special techniques and process ing relevant to direc-

tional coup l e r s , “l” ’ coup l e r s , and s t a r s , in  that order.

Spec i f i c  conc lus i ons  wi th respect t o each c o i ip  I or  type are

c o n t a i n e d  i n  t h e  r e l e v a n t . s ec t ion . F i n a l l y  g e n e r a l  con-

ci as i ons and r e comn ienda t  i o n s  for add I t  i ortal e f f o r t  a r e

J i s cu s s e d  in S e c t i o n  V I .

----~~—-~~
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SECTION II

GENERA L COUPLER CONSIDERATIONS

In this  section , the fac to rs  in f luenc ing  the se lect ion

of the f ibe r  s ize  for  coupler f ab r i ca t ion , cladding ma te r i a l s

selection , fiber preparation and fabrication techniques

common to all couplers developed under this program are

discussed. In Section II , 7, techniques for install ing

connectors on PCS fibers using reflective silver coatings

are described. Section II , 8, describes the measurement

apparatus used for coupler characterization during this

program .

ii
1. Selection of Fiber Size

The choice of the transmission line fiber size can be

expected to affect the practical maximum splitting ratios

that can be attained for directional and “T” couplers.

The overall efficiency of couplers fabr icated by imple-

menting the area-ratio-splitting technique with direct

fusion of fiber cores is directly related to the relative

cross-sec tional areas of the fibers used internal to the

coupler and the transmission line fiber. Secondly, the

problems encountered in handling and fusion of very small

4

. --‘----.------ - - -- - -.---‘- - -—------- -_— .----- -------- ---  ——--- -‘-- .*- , —- —.-—-- --~~---- .- ---- -.- ~~~—~~------ - -- -* - - —--—.---~ .--- - -.. -~-‘.~-‘- ~-.-



t i b e r s  with sig n i fi cant lv l a r g e r  fibers a f f e c t s  the

ahi 1 itv to fabricate ~I i rect l en a ! and ‘‘1 ’’’ c o u p l e r s  w i t h

h i gh sp i i t t  lug  r a t i o s .

On the other hand , the choice of transmi ss ion  l i n e lihet -

s i z e  to be u sed in a practica l sy ste m w i l l  be d o m i n a t e d  by

t h e  fiber t r an s m  i ss ion c ha rac ter i s t  I cs wi t i cli are re I at ed

to fiber si : e.  P a r t i c u l a r ly , f i b e r  m i n i m u m  bend radius

and s l is c ep t  l b  i i i  t v  to ml c rohend l o s s  a r e  b o t h  a d v e r s e  1 ~
at Uc c ted as 1 I hi-’ t c ct -c ti I :tiflet cv in c  teas es . Conse~pient I v

a t  t h e  out  set  of  th I s p rog  ram I t was neces sai\’ tO iia ke a

reasoned  die i c e  as to  1 i h e r  si  :e t o wh I cli t h e  coup  it’ r s

w oul  I m a t e  . At that t ime , I ’CS i i  he is w I th I .‘ 7 em and 20 .~

em co r es  w e r e  a v a  I l a b  1 e , the I o r m e x ’  on a inc re - e - l e s s

ri
r o u t  In c  has i s  and the I a t t e r  eu a Sp ( ’L’ I a l  r t’~~tI I r t ’ment

h a s  i s . b ec au s e  u f the comb i nat i on o t n i c r obend  l o s s e s

e x p e c t e d  i n  t h e  large r l’ihe r , t h e  r e l  a t  i v e  a v a  I l a b  l i l t  v

o I the s inai  I e r c o i e  Ii her , and i t  s re 1 at  I ye I v m o r e

compi iant nature , the I .~7 bm f i b e r  w a s  chosen is t h e

t ran sin i ss ion l i n e  ~ i he r  to wh I cli the c oup.1 ers won ! d be

requ i re d  to mate , It should be noted that the techn i ques

t o  be developed i~ou 1d hi’ expt’ct&’d to be a p p l  i c a b l e  to

c o u p l e r s  des I gned t o  m a t c h  t h e  l a r g e r  core  fiber s shoul ti

t h e y  in fact be c h o se n  or other rea sons to be t he t r an s  —

ml ss ion line libet i n  a p r a c  t i c a 1 5 v s tem . I n  add  it ion

- - . ~~~~~ ___ _ ~
_ .— . _ - . u-- -—-- - _



couplers deve loped  us ing  PCS fiber s i nt e rn a l l  can be

expec ted  to ma te  e f f i c i e n t l y  to g l a s s  - g l a s s  ty pe f iber s

w i t h  the  same core  s i ze and n u m e r i c a l  a p e r t u re .

Once the  t r a n s m i s s i o n  l i n e  f i b e r  core s i z e  had been chosen ,

a c h o i c e  needed to he made for  t h e  f i b e r s  to be used

i n t e r n a l  to the d i r e c t i o n a l  and ~‘T” coup le r s  ( t h e  f i b e r

s i z e  fo r  the d i s t r i b u t i o n  m i x e r  c o u p l e r s  was a u t o m a t i c a l ly

de te rmined  by the  t r a n s m i s s i o n  l i ne  f i b er ) . When one —

consider s the v a r i o u s  puip~ ses for  which  d i r e c t i o n al .

couplers  (and to a l esser  ex ten t  “T” coup le r s )  may be

used , a l a rge  number  of t a p - o f f  r a t i o s  and f i b e r  s i z e

choices  eme rge.  For example , a dj r e c t i o n a l  couple r  may  he

used for  power spi i t t i ng  or comb in i r i g ,  as  a biL l i r o o t  l ena  I r
couple r  to i n j e c t  si gnal i n t o  and r e c e i v e  s i g na l  f rom the

same t r a n s m i s s i o n  l i n e  f i b e r , or as a s i n g le p ower m o n i t o r

coupler  for  source s t a b i l iz a t i o n . In the l a s t  case  t y p i c a l l y

a v e r y  h i gh throughput/tap— off i - a t  io i.s d e s i r e d ,  in  t h e

b i d i r e c t i o n a l  case maximu m sy s tem e f f i c i e n c y  is  ob ta ined

for  area e m i t t i n g  LEI ) sources when the  coupler  arm f i b e r s

each have o ne - ha l f  the  c r o s s- s e c t i o n a l  a rea  of t h e

t r a n s m i s s i o n  l i n e  f i b e r , w h i l e  t he  g r e a t e r  d i r e c t i o n a li t y

and coupl ing  e f f i c i e n c y  of a t~aAs st r i l )  laser  m i g ht  show

t)
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t~ I t  ii some i itih ~i 1 a ut ce  i i i  t h e

coupler arm c r o s s - s e c t  l o n a l  a reas .

I n  order to a v o i d  a pro l  i lerat ion of requi red f ’i her  s i zes

and consequent tap -o f f ratio des i gn w h i c h  w o u l d  not  neces -
sari ly be con s I s t e n t  w i t h  t he  fu n d a m e n t a l  o b j e c t i v e s  of t h i s

p r o g r a m , the  dcc is  ion  was made to I i  in i t  the  range of

direct tonal and “T” c o u p l e r s  to  be deve loped  to t h e  e x t r e m e s .  -

Spe c i f i c a l  lv , t he cotl ill cv i - level  op ment  I~aS I I m i t ed  to even—

51) 1 i t  devic es and maximum prac t i ca l  t h r o u g h p u t / t a p - o f f

r a t i o  d e v i c e s .

. .  F i b e r  C 1addin ~~ f l a t c r i a l s

The has  i c m a t e r  1 type used as a ci  a d d i n g  s u b s t a n c e  on the

f i b e rs  used in t he  p rogram wer e s i  1 leone  based  t’es ins  . These

m a t e r i a l s  a re  a v a i l a b l e  from many sources , flow Corning and

Gene ra l  Electi’ ic in the II. S. and from Shin  Etsu in Japan .

The m a t e r i a l  front  S h i n  E t s u , K E - 1 03 , has been found to y i e l d

the lowest  loss p l a s t i c  c lad pure s i l i c a  core f i b e r s . ITT

PCS f ibers arc general lv co at ed w i th th i s  m a t e r i a l  . There

arc , however , o t h e r  c o n s i d e r a t i o n s  with respect to the

ma terial to he used a s a cladding on f i ber s de sti ned for

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - _ _ _ _ _ _ _



coupler fabrica tion , The factor of two to three increase

in loss , wors t case , as a resul t of the  losses a s soc i a t ed

wi th the cladding material , is of li ttle consequence to

coupler fabrica tion since only a few meters length of fiber

is required. The mo st important consideration is that of

cladding strippabi l ity.

During the ear ly  phases of t h i s  program , a cons ide rab le  amount

of e f f o r t  was d i rec ted  toward develop ing techn i ques for  re-

moving the  c l add ing . Moderate , bu t  i n c o n s i s t e n t , success was

achieved on f i b e r s  coated w i t h  Sh in  E t su  K E - l 0 3 , and GE ~ 7O

S i l i c o n e  RTVs u s i n g  C - l O S - h F s i l i c o n e  s t r i p p e r  (Manu fac tu re r -

McGcan Client i ca  I Co . ) . F I hers  c I added w i t h  a in ix tu r e  o I’

these  m a t e r i a l s  were  no e a s i e r  to s t r i p .  The best  c l a d d i n g

m a t e r i a l  found , in terms of s t r i p p a h il i t y ,  is I)ow Corning ’s

Sylgard 184 silicone RTV . This material can he stripped

mechanically wi th ease , reliably and completely. The

couplers fabrica ted during the later portion of this pro-

gram , were cladded w i t h  this material exclusively.

S 
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3. Fiber Prepara tion

The f i b e r s  used for  t h i s  program were  in a c t u al i t y  coated

w i t h  two j a c k e t s .  The f i r s t  is Sy lga rd  184 , f o l l o w e d  b y a

p ro t ec t i ve  ou te r  j a c k e t  of h ly t r e l .  The m e c h a n i c a l  s t r i p p i n g

of the h l y t r e l  j a c k e t  and s i l i c o n e  RTV c l a d d i n g  m a t e r i a l  is

accompl i shed  by the  f o l l o w i n g  t echn i que .

The f i b e r  to he s t r i p p e d  is p laced in  a groove , such t h a t

the  silica fiber within the jacket and cladding lies below

the top surfac e of the block con taining the  g roove . See

Fi gure 1 . A razor b lade is brough t down in con tact

w i t h  the  b lock , c u t t i n g  edge p e r p e n d i c u l a r  to f i b e r  a x i s ,

and the fiber is rotated about its axis. T h i s  makes a sing le

cu t around the peripher y of the f iber w i t h o u t  a c tu a l l  con-

tacting the fiber. Without lifting the b lade , the  b l a d e

angle of att ack is now a d j u s t e d  to be a l m o s t  h o r i z o n t a l , and

the fiber is drawn under the  b l a d e  w h i c h  cu t s  o f f  a s l i c e

of the jacket from one side of the  f i b e r  over  the  d e s i r e d

I length. Using finger co t s , the j a c k et  and in some cases

the  c l add ing  can he peeled away f rom the  f i b e r .  At t h i s

poin t , the hare fiber is cleaned and tile remaining RTV re-

moved by p u l l i n g  the f i b e r  t h roug h a K 1mw ipe  t i s sue  “ soaked”

with a 50- 50 mix ture of isopr opv I i l c o h o  1 and F reon T E .

_ _ _  ~~~~~~~~~~~~~~~~~~~~ V 1ITIT~~~~
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Fi gure 1 . Fiber Ja cket Re moval.
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When p r e p a r i n g  t i b e r s  t e n -  t h e  f a b r i c . i t  LOfl ot tr ansmissi on

s t a r  couplet ’ s , t h e  c u t t i n g  of t h e  } l v t r e l and s i l i c o n e  jacket

i s per  t’o n’~i-~J at  two I oczt t i o n s  in the cen teE of  a I en g t 11 0

f i b e r .  .\ second cu t  i s  made at  t h e  de s  i red ~1 i s t a n c e  f r o m

til e fit -s t cut and t h e  j a c k e t  i s  c a r e t ’u l  l v  s liced at t h e  t op

front t he  second cut  t o w ar d  t h e  f i r s t  . The same pee l  ing  and

solvent cleanin g procedur es des~ r hod .r hot o OOa~ to t O s t he

prepara t ion of the ti bet’ te r u~ e in the fab rica t non e f a

t r a n s m i s s i o n  s t a t ’  c o u p l e r .

4 .  let  ho ds of Oh t a n  i i i  it~ t n t  i rna  to 
- 

F i lit’ r t ’ont  ac t 
- 

I) u r i n g  Fus t e n

Throughou t  t h i s  p r o g r a m , v a r  ens techn i ques were used to h o l d

the f i b e r s  in  tnt im a t e  c o n t a c t  for fusion . The f i r s t  techn ique . 
V

wh i cli cent i nued to be used t h r o u g hout  t h e  p r eg i - a la  • was the U se

o I pur e ‘‘merce r i :ed’’ cot ton th i-cad . S i n ip I v by  t V I fl~~ t he t i l r t ’ad

a round  the  I’ ih e r s  us ing  a c l o v e  h i t c h  t h e  f i b e r s  con Id he

drawn iflto a c lose packed st rue t u r e  - In erde 1’ t e ma t nta in

this structure • sev e r a l  k n o t s  in series were r e q u i r e d  at  each

end of t he  rcg ion to he fused to ensure t h a t  t h e  f i b e r  w o u l d

r e m a i n  pa ra l  I c  I and in  c o n t a c t  in t he reg ion o be fused  .

I t  a l so  Proved to he of ad v a n t a g e  to use a cent n-al 1 l o c a t e d

knot to obta in an e x t r a  measur e e I su~ ces s - D u r i n g  the  fus  ion  V

proce ss . the c e n t r a l l y  1 ot-ated kno t  w o u l d  be but -ned o f f .  ~c it h

care , hut  w i t h o u t  cons i st en ev  . t he  kite t s ecu 1 d he bu n -n e d oft’

- -  

I i
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w i t h  l i t t l e  or no r e m a i n i n g  r e s idue . A t t e m p t s  at  u n t y i n g

the knots proved to he of no greater rol iabi lity , a t r a d e -

o f f  between b r e a k a g e  and s u r f a c e  c o n t a m i n a t i o n . Other

materials wore investigated as a l t e r n a t i v e s  to  t h e  U S C  of

co t t on  th read . G r a p h i t e  t h r ead  used for  cab le  s t r e n g t h

members when heated w I t h  t h e  fus ion t o r ch  e v a p o rat e d  t o t a l  lv

leaving no residue ; however , the b r i t t l e n e s s  of t h i s  ma t e r i a l

and the r a d i u s  of c u r v a t u r e  when tied around the fibers

prec luded  it s use .

Another  m a t e r i a l  t h a t  proved t o  lie u s e f u l  , a l t h o u g h

d i f f i c u l t  to app1~- , is polyethylene. I n i t i a l l y , t h e  f i b e r s

are held toge ther wi th thread . The p o l y e t h y l e n e  wa s ap p l i e d

to the  I’ ib er s  w i t h  a he ated  s o l d e r i n g  i ron  at s e v e ra l  p os i  -

t ions  a long  the l e n g t h  of the  f i b e r s  to  be f u s e d  and t h e
— 

s t r i n g s  removed fi -om the  f i b e r s  p r i o r  to f u s i o n .

D u r i n g  the  Ins ion p rocess , the  p o l y e t h y l e n e  be comes t’lu i d

and recedes ahead of the adv anc ing  t o r c h .  One mus t  he c a n- c -

fu l  to prevent  the  f l u i d  p o l y e th yl e n e  f r o m  w i c k i n g  down to

the  J a c k e t e d  f i b en -  area or removal  w i l l  be impossible. I f

the bare  f i b e r  f o r m i n g  the  cou p ler  i s  of s u f f i c i e n t  l e n g t h ,

fu s ion can occur  in  the  c e n t r a l  n e g  ion w i t h o u t  s o f t en i n g

the  p o l y e t h y l e n e  or cans ing  t h e  f l u  I i-I sub s t  anc i-’ (‘r em 

---- - V---~~--V-- - -- --- - -—
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adv ancing  as f a r as the j a c k et ed f i b e r  re g i on ot~ the coup l e r .

Af ter fusion is complete , the p o l y et hy lene is  t o t a l l y  re-

moved by igniting it with the t o r c h .  The p o ly e t hy l e n e  bu rns  V -

away l eav ing  no re s idue .

S. I)irect Fusion Considerations

D u r i n g  the  e a r ly  p ax - t of  the  p rogram , e x p e r i m e n t a l  f i b e r

fu s ions were  c ar t - i e d  out us ing  a p r o p a n e - o x y g e n  m i c r o - t o r c h .

l ’his  t o r ch  is a h a n d h o l d  u n i t  w i t h  i n d i v i d u a l  c o n t r o l  of

the  gas dcl  i ve r v  r a t e s  , a c c o m p l i s h e d  by need l e  v a l v e  a dj u s t  -

m e n t ,  The r e g u l at  ion of the  f l a m e  t e m p e r at u r e  and p r o f i l e ,

u s i n g  t h i s  t o r c h , c o u l d  o n ly  be maintained for short t ime

i n t e r v a l s  due to t h e  l i m i t e d  gas s u p p ly  of the  t o r ch  t a n k s ,

and the  r e s e t a b  i 1 i tv of  t h o  f la r t e p a r a m e t e r s  was p u r e l y

s u b j e c t i v e  - An impr o~-ement in f l a m e  1~a rame te r  control was

.ich i eye d us ins a ‘wate n- welder - V l ~~i i  s un i t • mann fac  t u r e d

by “i lenes Pi -oduc t s Co rpo r a t  .i on , ‘ gene ra t e s  the  hy dro gen and ‘1

oxygen by e l ec t  r o l v s  i s .  C o n t r o l  of the  gas d e l i v e r y  rate is

o b t a i n e d  by the adjustment 01’ p ower  supplied to the electro-

l v s i s  u n i t  with a powerstat (variable t r a n s f o rm e r )  -

‘I ’he use  of a pure  hvd rogen and oxygen flame fo r  f i b e r  Ins ion

w as  not ~~ t a i l y  sat  i s t ’ac to rv . The gas d e l  i v e t -v  i - a t e  neces  -

sar v  to p r even t  t h e  f l am e  ft -em b u r n i n g  w i t h i n  til e t o r c h  t i p

1 5

I
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crea ted sufficient flame pressur e to distort the coupler

during the fusion process. Reduction of flame velocity

(combus tion rate) and pressure was obtained by bub b l i ng th e

hydrogen and oxygen ga s mixture throug h me thyl  alcohol ,

Figure  ~ . This resulted in a reduced flame velocity and

temperature (3300 °C to . i00 °C) and a resul t an t increase  in

BTU output , wh i ch proved to he ben e f i c i a l  in con t r o l l i n g  t he

fusion process.

Dependent upon the physical size of the coupler being fabr i -

ca ted , one of two different torch orifice shapes was used .

Cir~ u lar  cross sec t ion  and a two l o b e d - f l a t  cross sect ion

d esign (Figure  3)  were the preferred cross sections . Ori-

fices of less than .010” diameter were circular and those

greater than .010” d iameter  were the two l o b e d - f l a t  con f igu-

ra t ion .

When working on hi gh t a p - o f f  d i rect ional  couplers ( smal les t

device s tudied) ) c i rcular  cross section or i f ices  ranging from

.003” to .00:-” in diameter were used to produce the fusions .

These torch tip sizes were also preferred when performing

f iber  to f iber  bu t t  fusions .

Thir ty-two (32) port transmission couplers were the largest

items fabr ica ted  and a dual torch conf igura t ion  (Figure  4)

14
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was used to produce the f ibe r  fu sions.  The p re fe r red  ori-

fice size for this device was .0155” . The two torches are

displaced through an angle of approximately 90°, each tip

be ing  of the two lobed-iJat configuration .

The two lobed-flat torch tip is fabricated by heating the tip

to a cherry red temp ~ 700°C. Thi s hea t trea tmen t sof tens the

stainless steel tubing which allows the tubing to be pressed

f la t b y a pair  of para l le l  closing pl iers .  Th e cen tral sec-

tion of the tubing is fur ther squeezed close un ti l a square

f lame head wi th s l igh t peaking of the flame ed ge i s produced.

This f lame p r o f i l e  has been found to improve upon the un i-

fo rmi ty  of the f i be r  fus ions  espec ia l ly  in the case of the

star  couplers .

One of the techniques that deserves emphasis is that of

“wi ggling ” the torch tip back and forth along the fibers to

be fused , while  the general trend is to travers e the f ibers

with the flame . This procedure is analogous to walking

three steps forward and then two steps backward . This

“wigg l ing” of the torch increases the length over which

the wetting action and fusion occur and aid in producing

18
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Several  m a t e r i a l s  were  i n v e s t i g a t e d  f o r  u se as c l a d d i n g

subs tances  for  the  coupi  em - s tlevel oped u n d e r  t h i s  pro g r am.

~Io st  of  the  m a t e t - i a l s  i n v e s t  i g a t ed  were  “p i a st  i c ” in

n a t u r e , inc i ntl i ng s i i i  cone b ased  REVs , I I  I t O f l O  g m ca ~- ‘

Ny lon  and Kvn ar

;en t a 1 101 , a so 1 v cut  so l  U t  I O f l  of f ly  Ion • w i  s t o tmn d  t o ha t ’

tot )  Ii i gh a u-c f r a c  t I y e  i n d e x  t h u s  Ia i i i  n~ p r o p e r t  I -

k y n a r  S~~O0 w a s  i nv e s t  i gat ed as a cladding stub ’~tance and

f o u nd to he d i i t i c u l t  to  ti st ’ - lii i s m a t  ci - i al  w ; m app  I l ed

I u ’om an ace tone  so I u t  i on  . F v a p o  i-at  i on  and con~-o i i d at  I tin

of t he  coa t  in g  w a s  o b t a i n e d  us l u g  a hot  a i r  gun . Due to

t h e  qu an t  it of mat  e m i  a I n ecessa  rv to  co a t  a coup I c r  • i t

was  ii if Ii cult to d ry  t h e  coa t  i ng w i thout ~lamag I ng t h e  dcv i c e .

Al  though man of  t h e  dev i ces Iahr i ca t  Oti t i nde r  th  i s p rog ram

were  c o a t e d  w i t h  s i l i c o n e  RTV m a t e r i a l s  f o r  p r o t e c t  ion

f r o m  contam i n a t i o n  and v i b r a t i o n , t h e  usefulness et t h i s

m a t e r i a l  as a c i  add i ng m a t e r  I a l  I s t~t ies  t j o n a h  1 e . D r a w b a c k s

to  t h i s  ma t e l -  I a 1 a i-c 1) v e r y  Ii I g h t he rma I t ~~ I I Ic c m i ?  o t

oxpans ion , ) St  t ’ong t e m p e r a t u r e  dependence  of ro t’ t - act  I y e

I ndex and 3) i-cl a t  i ye I ~
- po e m - m cchan  i c a I h im I (‘em ’ i n g i so I at  m till

p r o p e r t I e s .  I’hc second and t h i r d  d r a w l ’ : i c k s  l i s t e d  ai’e

p r op e r t  I o-~ u’c su I t  i ng f rom the  I i  r s t  -

.‘ 0
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R 1’\’ coated couplers const ructed (‘or t im i s progi-am had t o  he

room temperature i-u i ’ed to  su m - v  l y e .  I I  ~ ured a t  elevate d

temperatures , t h e  R l’V w o u l d  be in an e x p a n d e d  state upon

c u r i n g  aiitl t he  d e v i c e  w o u l d  h i - o a k  upon r e t u r n i n g  t o  room

t e m p e r a t u r e  . Curing of the RT\’ compounds  inn s t be a ~- com —

p 1 i shed above (1°C l’ti r complet e cu ro , or  t i m  i s m at or i a I

w i l l  n - ema in  t a c k s -  -

Tow ;ti - d the cud o I t he 1iro r am , i t  w :u s d o t e  i-rn I nod t h a t  a

s i i i  cone bas ed  l) ow L ’ L i 1-n in g  ii i ~h v a c u u m  ~ r e aso  , n-~t’d t o  r

vacuum s s  tern sea 1 1 uth V i c a t  i on  , h a s  a r e t ’ r a L  t I ~e I 11th’ \

equival ent to that of ’ t h e  R E V  ilia C 01 i :il s .  fit h e m - ho n e I i. m. t I

p i-ope r t  i os of th i s mat em ’ ’ a I ar e  : 1 ~ h i gh V m sct i s I t  V ,

.~ ) low res i I m encv • 3) rn :i I Ill a ins I i t i  I d  - I i ko uia t U FO tiv em - w ide

totlipet’.tturo r an g e  a i i  ow i ug t h e  c OU l i  I c i  t o I I  o a t  w i t  ii i i i  t l ie

ma ss , and 4) scm -y e s as :i t’ mhrat i o n  d amp i ng mcd itumn . I’l mo l o w

tcmp o i’atu i ’i’ cha r ac  t o m ’  i st  i t ’S  roma  m u I o ho de t  e i’m m t i ed

An add i t  I ona 1 ho ne I i  t o I ii ’ - I imi ~ the v a c u u m  i~ i ’e ;m 50 . i S  a

o I add i ug mat or i a I was I ho ai ~ i I i t  v t o t e t a  I I v m ’ e m o v o  i t  • I I

des i red , w I th  sol v e n t  s . I l i  1 ab i I i t  ‘ penn i t t  o~I coup It’ i- s

to he measur ed r e p e a t e d l y  i n  c i t  her .u c i  added em . tim ic I ;i tl

V ~~~~~~~~~~~~~~~~~ V~~~~~~~ -rn -



state. This fact was important also in that i t  p e r m i t t e d

the re la t ive measuremen t of  c l a d d i n g ma ter i al p e r f o r m a n c e

on the  same coupler device.

C l a d d i n g  m a t e r i a l s  were  also investi gated (‘or the i r  poten-

t i a l  use on f i b e r s  to be t e r m i n a t e d  in c o n n e c t o r s .  The use

of “p l a s t i c ” type m a t e r i a l s  fo r  t he  t e r m i n a t i o n  of f i b e r s

in connectors  met w i t h  a c l a s s i c a l  set of p rob lems . Poor

f i b e r  r e t e n t  ion and 1)01 i sh  ing  c h a r a c t e r  i s t  ic s  were  the

p r i m a r y  p r o b l e m  a reas . The word  “p l a s t i c ” g ives  i n s i g ht

in to  tile expected p r o b l e m  ar e a s .  a -

F i b e r s  bonded w i t h  “p l a s t i c ” m a t e r i a l s  such as RTV , p oly-

u r e thanes , and f’l o r i n a te d  t e f l on s  move in t h e  c o n n e c t or

f e r r u l e  due to t e n s i o n  on tile f i b e r  or even s l i g h t  movement

of the f i be r  c lose  to  the connector. Ambient temperature

changes can a lso  cause f i b e r  r e c e s s i o n  oi ex t ens ion  bec ause

of the d i f f e r e n c e s  e x i s t i n g  be tween  the t h e r m a l  expans ion

c o e f f i c i e n t s  of the f i b e r  and i t s  i l v tr e i  .Jacket . The

g r i n d i n g  and p o l i s h i n g  of the f i b e r  end (‘aces i s  a l so  corn-

p l i ca ted  due to the f i b e r  recess ion  caused by p r o c e s s i n g

pressure . When lapping  and p o l i s h i n g  i s  comple t e , the  f i b e r

w i l l , w i t h  t i m e , advance to i t s  orig ina l  pos i t i on d i s p l a y ing



V 

.

a di’ t in i t c ov e r e x  t e n s  ion  chai ’ac  ei m t 1 o . It i s .1 I ‘;e y ii - -

tual lv i ml .poss i Ii Ic  t o  oh t a in  a ( I  a t  p0 I m she~I eui ~I tace tiUt’

t o the i’d a t  i Vt ’  so (‘C 1 1 C S S  c i ’ t he b ond i ug m a t  ei  t a  I s . I)n m I n :

g m ’ m d  i n g  and po l  I - ;h i ng , em-oc i on of ’ t h e  bond I ug mat 01 . I _ i  1

t’esul ts  , and the bond lug mat em’ i ~t 1 ho~ omc ’; I c’adod w I t  li

abr a s  i v o  c o n t a i n  i n a n t  s •

B e ca use  (i f  t h e s e  coil s i d c i - : m t m o n ’~ t h e e f f o r t  ou t  1 i m i c d  in  (lit ’

n ex t  sect  ion wa s m ’equi i’ed .

Th. (‘o f l l l e c t o m -  u . ’at ion fom i s id o m a t  ion-

Coupler s fabricated t v on L’ ’S t’ I l ’cv~ l’i’t’~ t’m\ t a ~-pt’ c 1 i 1  sot

of pi’o1 1 ems to the connect or I . at  l o u  o f  t hose I i h o r s  .

~ t an da rd prac  t i c e  • use of oui o x v  • lot ’  ~ I a s s  o I id  t u hon C ci

m l  na t i on in c o n ne c t  or s  can ito t ho om i i I ov e~I w i t  lieu I d e ( i’ t ’

ing the w a v eg u  id l u g  character i s t  i c s  of  t h e  ~ I I i c i - ’~ i~ i t  Ii i n

the connec tor s, due to t h e  fact that euiox los • i n  t~ene r~i l  .

have Ii i gher intl i c e s  o f ’ i-c (‘n’a ct on t h~m a t h a t  o f ’ t h e  I ih e t -

i-Ore  material. \ttempts to u se s i  I i c on e  r es  in s  and  o t h e r

p l a s t i c  mat c r  i a Is  of lower  r e f r a c t  i e 1 m i d e x  h a v e  r t c t  w i t  hi

fa i l u re  fo r  t h e  vii i’ ions rca s e m i s  c i t  ed . i ho v o  : I ) t i t i L i m I i  li e iV

re t en t ion c h a r a c t e l -  i st ic s r e sn i  t ifl~ i l l  ino \ ’emfleui t  o f  ( h i t ’

f i b e r  w i thin the  connecto r  body -
‘ ) P°° 1’ ~~‘O Ii sh l u g  c t i i t r a c

ten st I cs ; 3) c o l d  f l o w  of  t h e  adhes  i ye m ater i i i  I

~~~~~~~~~ ~~~~~~~~~~~~~~ 
V V V ~~~~~ 
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The approach  ta ken to solve these problems  was t ha t  of

app ly ing  dense m e t a l l i c , r e f l e c t i v e  coat ings  to the f ibe r s

such that  bonding w i t h i n  the connector  can be achieved wi th

standard  epoxy adhes ives , wi thou t s i g n if ic an t l y  a f f e c t ing

the transmission properties of the fiber within the connector.

A procedure was dev eloped for applying silver directly to

t he  f i b e r s  by a c h e m i c a l  r educ t i on  process .  T h i s  p rocedure ,

a m o d i f i e d  Br a sh e a r 1’ process  is used w i d e l  by m i r r o r  mann-

fac tur e r s , amateur and profession al astronomers alike.

The m o d i f i c a t i o n s  to the b a s i c  pro cess  arc tha t  of u s i n g

- V pure , re agen t grade m a t e r i a l s  and f i b e r  c l e a n i n g  p rocedur es

to y i e l d  un i  t’orm and dense s i l v e r  f
V j  Irn s -

In  the  s e c t i o n s  to f o l l o w , the  t’ih er  p r e p ar a t i o n  p r o c e d u r e s ,

cho n i  i o ; i 1 p r ep a  i- ;tt i o n and  u se  p r o c e d u r e s  at - i’ d i  scus sed

b.  Chemica l  P r e p a r a t i o n  (S tock  S o l u t i o n s)

The f o l l o w i n g  s tock  s o l u t i o n  can he prep ared  in s tock

q u a n t i t i e s  for  multiple uses  (-~- l ( )  s i l v e i’ i n g s ) .

‘A m a t e u r  le l e scqp e M aking ,  Book One , Pages 158 -159
A l b e rt  ~~ . Ingalls , Fditor , Scientific American , 1970.

- -  ~V ~~~~~~~~~



I . Reagent grade potas s i urn hydroxide ( kOh l and d i s -

t i l l e d  oi- J e —  i o n i  ? t ’d w a t e r  f I I ,O) 10 gins K1 111 +

100 mu i i  ,O .

- R e a g e n t gi - ;tdt’ dextros t’ 1hlO ( ’it ~~h 1( C1IO I I l  0) and d i s -

t i l l e d  oi I) I m~;u t e r I t o )  1 I S ~nls d e xt  r e~ o • 1 50 iii ’

ii _ O.

5 • P 1  na I I i h e r  I e.in i nt .~ So I t t  t ion  - rh r ee pa t t  s ,

v o l  imn e  e I kOl t sto ck s e t  U t  Oil and Lint’ pa I t  iO.lk ~Cut

g r a d e  ~lLl11on i u m  !t v dm ’.’x ~de 1\ 11 1 u ’ l l )  . ~\ t o t a l  t j u a n t  I t  V

of \ 100 r’ I m s i ts  um a I I ~
‘ u emi t fo r t i e  .

t I gh t 1~ t oprc d  w-h~~n n o t  i i i  us  t’ t o p t  ~ em it ~I i ~ a ~ ~e

o l I l t  On o f Ni!  
~

0 l I .

— o . f I ’ ci- P i-or a m - i t m on f o r  S~ I i c r i n

1’lic t ecllm l 1 ~ ues LIOSO m u  bed i n  ~~eo t i o n  I I . -
‘ t o m  i c’~~~ i i~~ h o

; 1 L ~~~\ O t  ani  L I i1LI LI u n m ~ I , i ~ e rs  r t ’su I t  i n  a d u s t  i n o t  m k o t  /

o I aLitI ing t o m - m i n a t  i o n  p I ;mlic cc i ’p on d i o ut I . u i ’  t o  C l i t ’ a x  I ~~ 0 ¶

ti lt’ I I lie i- . I ’h i -~ ‘to t Ii ~i ¼I o I ~ nor  a i-a t i en a u 0 1’ o t  h t ho

s ub s e q u e n t  o t e a  m i t  f l t~ an~I s i I voi • t i 1 - ~
’ 

~ pet at i e ns  -

f li t’ t 11 roe ( 3 )  ~t op c I can t i p  r 1 O L  ed it  ro t -  t 0 1 0 I l o w  ‘~h it ’ti i L l  he

~~~ ~ I L i F T1i e~! 1 U st pm’ i o r  t 0 i i i  it I a t I 011 0 1 th e ~‘ I I i  0 I I 11 g P u ’O

~edu r o  t o  ¶ “ i n I m u . ’t’ siim - t .ice o o n t ; i n m n ; l t  i o n .  Eh o l a — t  s t e p

in  t he c I can  u tip p roe odu no w I I I t a k ’  ~ 
I I L  ~

‘ dii i- t mi- s’ ho I u m’~a I

~ h emn u c a t  p r e pa  i- a t  i tin p h;u ~‘t ’ p u -  m o m - t 0 I I e i  I i i~~~



Step 1 - Squeeze the fiber between folds of a Kimwipe tissue

“ soaked” w i t h  a 50-50  m i x t u r e  of isopropyl alcohol and Freon

IF.  Draw the f i b e r  through the ti ssue .  Thi s s tep should he

repeated u n t i l  the bare f i b e r  appears  to remain  “w e t t e d ”  by

the solvent s o l u t i o n  over the  e n t i r e  l eng th  of the bare  f i b e r ,

A back and f o r t h  scrubbing motion near the bare fiber-

jacketed fiber area will ensure cleaning of this area.

Step 2 - Submerge the  bare f i b e r  and a p p r o x i m a t e ly  1/4” to

1 /2”  of the jacketed fiber in Preon TF and u l t r a s o n i c a l ly

agi tate for approximately 15 seconds . Go to Step 3 imme -

di ate l y  following this step .

Step 3 - Submerge the fibers in the final fiber cleaning

solution described in Section II ,7b and ultraso nicall y

agi tate for 15 seconds . Leave the fibers submerged in

this solution while preparing the chemicals for silver

p l a t ing

d. Final Chemical Preparation and Silver Plating Procedure

I t should be noted that the prepared solution resulting from

Steps 1 through 4 described below will , if  a l lowed to age ,

result in the formation of silver fulminate , a po tent i a l l y

explosive substance , and should be prepared just prior to

2(1

.~ .__ _~~ V V V _  V~~~~ V_ V ~_ V
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ao t uzI  1 U se  Ofl I ~
‘ . S i lye r t u  u n  I nato I s known t ~ spent a m ut e;is I \‘

d e t o n a te  ~tt i’OOmU temperatur e • l i e i c t’Vt ’  m , th 1 s p r o c e s s  h a s  bee n

used many  t I mes u t  I I I ’  PO I ’ l )  w i t  II no noga t i vi ’ cons oquenees

i’he t o t a l  prcpar~mt ion t i n c  and pI~ut lug t l ine i u i i - o l i ’ed i s

ap p r o x  ima te lv ten (10) m i n u t e s , A f t e r  th e p l a t  t u g  j ’ocess

is  comp I t ’ Ic  , the ha :a m’ds arc ci m i  n a t  ed by ti i lu t  ion  of  t h e

s e l  ut i~~l ~ th w at  ~~~~
- . ~~ ~n~- ronr i ent  a 1 p ro b  1 ems cx i st  w i th

norma l s i n k  d i s p o s a l .

The fol low lu g  p r oce du t  i-es arc 1 e lie 1)01 ’ fo rmed  on a c o l d  (, room

t emp era tu t - e 1 st  i t - u- i ug ho t  p l a t e .

S t e p  1 - l o  SO ml  of  d i s t i l  led or do - 1 011 1 :c~I ( 1 ) 1)  w a t e r  add

2 mu g of s t li-er 11 t r a t e  ~ - \p Nc ’ ) 
• St i r wit i i  coinp lct c I v

d issolvctl .

Step 2 - :\dd a p p r o x i m a t e l y  ( i f  ti-osh) 2 ii’ i auninonium hy dm’o x mdc

(NII 1 OII) to the so lut ion prepared in Step I above . The solution

w i l l  d a rken  at f i i-st add NII t III! s l o w  I v  u n t i l  s o l u t i o n  c l e a r s .

I f  t he  \1I 4 011 has w e a k en e d  s i i  g 1~t 1 ~
- t h r o u g h  ti i sassoc i at ion

s l i g h t l y  g r e a t e r  q u a n t i t I e s  ~t m ’e l’cq u i  i’~ d .

S t ep 3 - S l o w l y  add [(1 m l  o f ’ potassium hydroxide (Kill!) s to c k

solut i on . S o l u t i o n  w i l l  a g a i n  d a r k e n .

V - -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
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Step  4 - This  s t e p  should  he c a i - r i e d  out  s l o w l y  due t o  the  
V

f a c t  tha t  the ’  p r e c i p i t a te  formed in S t e p  3 , wh i c h  is

r e s p o n s i b l e  fo r  t h e  d a r k e n  l u g  of’ t h e  s olu t  ion , is  not to be

cornp1ete1~
- re~i i s s o l  VCLI in t h i s step. Add SIna 1 1 quan t  i t  i es

of ai~imticn ium h v d i - o x  ide (NII4OII) and st  I r t’oi- a p p r o x  imatelv one

ri i n u t e  he f o re  mc u-c is added - The total quant I ty i’equ i red

u s  ap p r o ~ i m a t e l  I m l i f  N i1 4 011 i s  f r e s h  and some colo t -

t w eak t e a )  s h ou l d  r t’~- I a i n  to the solut ion ,

St  op :‘ t o  :~ i t m 0 1 Li 1 S t i 11 t’d or 1) 1 w,t t o  r • ad LI 1 5 mmii. o I

s t o ck L l 0 \t  l ’ose s o l u t  i o n .

l’he’ pl at ing p r o c e s s  is t loi ~ t o a d y  t o  s t a r t

rl’he o out  a inc  m’ ho ’ I LI ng t h e  Se 1 itt ion t’ i ’om n Step -I shou IL! now he

p1 aOC L I in an u I t  ras on Ic o I t’ane i i~ it ii light to mode t-~u t  e ~. oup —

1 imi ~ to t ho S0U 10 p ow or  . !~om’iov i’ t h e  f
’

l he i-s f r o m  til t’ f i n a l

o l e a n i n g  so ’ lu t  ion . Pour  t h e  L iOx t  i -ose sol Ut  ion in t o  t h e  con -

t a u ne v h 01 d in g t he s i 1 ye y ~ i t vat e p r i’ ~‘ a v at i on and submerg e - -

the t i t i ot’ s t o  he p1 at  et! . P l at  lu g  i s  oomn ~’ lot ed w i t  h u n  t h r e e

~. 3 )  m i n u t e s .

Rinse t h e  f i h e m - s w i t h  i ’unn t u g  1) 1 w a t e r  f or  ~t 1i I ) r o \ ( i U a t C 1 V  1~
seconds . A second m - i  n sc i s  t h e n  app i  I Oti l iv squ I r t  ing Li r

submer g  ing  in  I s op r e pv  1 a l c o h o l  t o  d i-v the I I I  in

— —~~ — — - -~~-‘--~~~~—-— -
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If the fiber cleaning procedures were performed adequately ,

the  s i l v e r  coa ti ng should  he c o n t i n u o u s  not o n l y  on the bar e

fibers hut also on the jacket material.

I f  m u l t i p l e  f i b e r s  a re  to he p r o c e s s e d  s i inu l t ane ous  1 , c a r e

should  he t aken  to  P r e v e n t  d i i - ec t  c o n t a c t  d u r i n g  t h e  p l a t i n g

p roces s  or v o i d s  ma x ’ e x i s t  due to m a s k i n g .

~e. A p p l i c a t i o n  of C o n n e c t o r  to  S i l v e r e d  F i b e r

The f i n i t e  r e f l e c t i o n  c o e f f i c i e n t  of the  s i l v e r  c o a t i n g

p l a c e s  a p r a c t i  cal  l i m i t  upon til e l e n g t h  of f i l i e r  t h a t  can

he used with in a c o n n e c ter  f e r r u le  w i t h o u t  int i -oduc  lu g

si g n i f i c a n t  a d d i t i o n a l  l o s s .  :\ I t i l o U g h  the  r e i l c it i o n  cc

e f f i c i e n t  a p p e a r s  to  be ~~~~ , o n ly  t1i i-o~ (3 )  i-c f l e c t  ions

w i l l  cont  r i b u t e  0 .  2 5 dB l o s s  - For a f i b e r  o f  . 00~Y (1~~

d i a m e t e r , I c i t i l  an NA o f  ~~~~~ a l e n g t h  o f  s i l v o t e d  f V i b e l ,  o f

a p p r o x i m a t e l y  1 .0  mm w i l l  r e s u l t  in  -~ r e f l e c t i o n  l e n g t h s .

Some add i t  i ona l  p i-ecaut  ions are  a d v i s e d  when bon d int g t h e

s i l v e r e d  f i b e r  w i t h i n  t i le f o x - r u l e .  :\t t he s i  ly e  r ed f i b e i - /

c l a d d i n g  i n t e r  f a c e , m echan ical stress or tenporature va t-ia-

t ions thur ing the  epoxy  cur  j u g  c y c l e  c o u l d  c ause  uri s i i vere d

f i b e r  to p r o t r u d e  s l i g h t l y h e y o nt i t h e  c l a L i d i n g  r e g i o n .  i t

t h i s  o c c u r s  and c o n t a c t  i s  ninth ’ b e t w e e n  the  f i b e r  anti e p o x y  ,

, ‘I

- -  V~~~~~~~~ • V —~~~ -—-— — -  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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h ig h 1’: sos w i l l  r e su l  t due t o  I’e l i t  i v o l  v h i  gim re fr ’ac t i ye

i n d e x  of  e u i c x v , w m t h  r os~~oo t  to t h e  s i l  ica t’iher , d e s V

ro i n g  the u~ ai e5~Li I Li ~~fl5 prope i ’t  i es in t h a t  m’e~ io n . Fhe

i c at  ion  e I a sma i i  ~u an i t v  of  s i i  i i~ r ca  sO in th is

a t -ca se r v e s  to  p r e v e n t  t h i s  l l O l i O f l L ’I lOf l  .

I n c r L le r  t o’ c OtI t i’o’ 1 t h e  I eta  1 1 en i ~ t h o I s jive red fiber

Wi thin the c o n n e e t c i ’ , a m e c h a n i c a l  s t e p , a l e n g t h  o f  s t a i n -

l ess  s t e e l  t u b i n g  i s  hOndOLi to t h e  f i b e r  j a c k e t  s tuch  t h a t

he f r o n t  Cf lL 1 of  the  t u b e  e x t  e n d s  i i t s  t h e \ - O f l Li  t h e  s i i  vet -cd

~ i h e r/ c  1 add i ng jut ci’ f a c e ~ V~ \V v 1/2 mm , ~lit I i s i u se  rt e.! i m i t e

t h e  c o n n e c t e r  iun t  I t h e  tub e  s e a t s  a g a i n s t  t l ie h a c k  of  t h e

j e we l. Figure 5 illustrates t h e  f i b e r  in  f e r r u l e  sec t  ‘on a l

\ ~

\ f t e r  epoxy cur lu g  i s  comple t e , no rma l lapp  in g  3flLi po l  t sh t u g

p r o c e d u res  c o mp l e t t ’ t h e  c o n n ec t o r  i nstal Lit ion  t a s k .

~~ . Char a c  izat ion of  Coup I or  
V
1

~~
Ofl1P

~~~~~~~~~~~~~~~~~
5

I n  t h e  ear1~- s t ages  of  the  prog ;-am , the  m e a s u r e m e n t  s per  -

formed on the  c o u p l e t - s w e r e  c o n d u c t e d  at  0 .  ~~~~ ) ~t mn wavelength

l’hese in it in 1 m e a s u r e m e n t s  w e r e  a I so made ovex ’ a r ange  o f

inj ect ion numer teal a p e r t u r e  f r o m  . 0 S t ~ t.o - . ~~ i~~3l’V I ng 
V

degree s , all devices exhi h it eLi higher excess loss at the

5 0

‘I
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high injection N .A , ’s .  The individual por t coup ling coeffi-

cients , however , did not show a dependence upon the injection

N . A .

The method used to a sce r t a in  the p o r t - t o - p o r t  th roughput  loss

f or the cou ple rs developed for thi s program r equires tha t the

input fiber injection conditions are not disturbed during the

measuremen t period. With this requirement met , the power tha t

is availab le a t any one , or a set of ports , is me asured and

record ed . The inpu t f iber  is now cu t ap prox ima tely one me ter

from the in jec t ion poin t , the end is cleaved and the injected

power level is measured , Couplers of pigtail construction are

usua l ly fabrica ted wi th approxima te ly two or th ree me ter s of

f iber pi gt a i l for each port to allow for additional measure-

ment cycles.

As the number of couplers produced increa sed , the measurement

complexi ty was reduced such tha t all dev ices were char acter-

ized under full modal excitation only. The injection appara-

tus was constructed such that two measurement wavelengths were

av ail able . The waveleng th wa s se lec ted by swi tch ing the dr ive

current to one of two LEDs operating at 0.82 urn and 1.06 urn

res pect ive ly .  The op t ica l power from thes e source s is br ought

to a common optical interface point by the use of an even

split directional coupler used as an optical power combiner.

32 
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Fl guros  (i and i l l u s t r a t e  t h e s e  a p p a r a t u s e s  . The I . (~~ u r n

source , a (~a1 -103 , etched w ell device was obta m e d  li-omit the

t h u  ted K i n g dom as p a r t  of t h e  t e c h m l l c a l  c oop e i - a t  i o n  ~~~~~~~~~~
-
~~~ .111’ - 1 0 . Fxce 1 lent correl at  I on i s o b t a i n e d  liv inc a su rclltcll t s

oh t  a I ned by t h e  two m e a s t m r e m u e n  t sv st  ems
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SE CTI ON I I I

D I R E C T I O N A L  COUPLERS

The goals  of t h i s  t a s k  were to develop t echn iques  to form

V t h r e e - p o r t  coup le r s  in PCS fibers providing i sola ti on be-

tween two of the por ts and low t h roug h put excess losses

be tween coup led por ts. Couplers of this de sign can func tio n

as power spi itters or co m bi n e r s  or as moni tot- s em’ tap-off

devices  s a m p l i n g  incid ent power flow , As part of this

exp lo ra to ry  e f f o r t , even s p l i t  d e s i gns (3 dB c o u p l e r s )

were  f a b r i c a t e d , t e c h n i q u e s  improved , and couple rs

eva lua t ed .  Couplers  w i t h  hi gh t a p - o f f  r a t i o s  were  a l so

fabrica ted and evaluated in order to assess limitations

due to f a b r i c a t i o n  t e c h n i q u e s .

The sec t ions  to fo l l ow  desc r ibe  the approaches  i n v e s t i ga ted ,

chronolog i c a l l y ,  for  the f a b r i c a t i o n  of direc ti ona l coupler s .

1. B i f u r c a t e d  Bundle Approach

The o r i g i n a l  concept i n v e s t i gated borrowed ideas from Stan-

dard bundle  technology  fo r  producing desired tap-off levels.

For a bundle of “N ” f i b e r s , a S dB splitter can in t h e o r y

he formed s imply hr b i f u r c a t i n g  til e bund le  i n t o  two N / 2

fiber groups. Higher ta p - o f f  r a t i o  d e v i c e s  are o b t a i n e d  by

S ti
I

~ 
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s e l e c t i n g  a s m a l l e m -  q u a n t i t y  t h a n  h a l f  o f  t he  t o t a l  nurn b ei -

of f i b e r s  for  the  t a p - o f ’!’ p o r t .  Sec F i gure S.

l’he f i b e r  s i z e  chosen  fo r  use  in t h e  b t m n t l l e would lie such

that  the sum of th~ jIlL1 j V  i d u n  I f i b e r  c r o s s  - sect  j omia  1 a u - e n s

would c l o s e ly  match  that  o f  t i le port of p r i m a ry  concem’n -

Fus ion of t he  f i b e i s  i nt o  a s i n g l e  c m - o s ; s e c t i o n  ~ ou i t i . a t

least  in t h e o r y ,  m i n i m i z e  l o s ses  i f  the  a\- e l’age m o d a l  po w e m -

dens i t s ’ and volume i s  ma m i t t  a.i ned . I n  li l’L le r  to  n o b  i ~‘y e t h  i s

r e s u l t , mode conv e m ’ s i on , t h a t  i s c o n v ey s  i o n  f r o m  p r e p a g a t  i o n

to radiation modes , must he k e p t  t o  an a b s o l u t e  m i n i m u m .

Dev ices  were  f a b r i c a t e d  in the cau ’ lv part ~~f the p i -ogran i

from as many as n i n e  ( 9 )  , 50 mm f i b e r s .  Mami~- p m - oh  I ems cx i st ed

wi til tills approach. T he R 1V c i  adL i i n g used Oil t i m  i s  f u i 01 ’  c L i l i l LI

o n ly  be removed c o m p l e t e l y  by c h e m i c a l  m e t h o d s .  The fi h em - s

were so sma I I that hand I i ii~ t hem ii w l i o u i  l i m i t - I a t l d t ’d w a s  ox t r ome  1 ~

LI i f  I i  en I t . Mea s r u r o u m o n  t w a s  a I so cx t rome I V d I l i i  L i i  I t  an d  t l ie

r e su  1 t s were v e i’v ci’ r a t  i c . I’hc~ o p rob I emi t s ;1 fld 0 t iit’ i’ s 0 1 1 1

a mod i i i  c at  ion  to t h e  t e c h i m  I qu m os us ed  t o  c v ;m I i ua  to I li e l i tlil Li I I i i~~~

a p p r o a c h  t o  c o u p  I ci’ t a h i ’  l e a  t I L i i i .

i)cv i c e s  O f  t h e  b imu d  I c  I \ 1i t ’ we 10  I a  I i i  I L .1 1 ed u s  i fl~ I -
, and  2 0

jim I i  lie i- s , j f l  0 1tl 0 r to e~ i I uma t o t h e  _ i 1 i 1 i  i’ Li~~ i~~~
’ h i . 1 m b  t o  I

shows t ho  I (‘ VL ’  1 5 0 1 o ~~~~~~~~ s los ‘~ oh t a i n ed as  ( l i n e  t m eli o t t ho

~~~~~~ V -
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number of fiber s used to fabricate the design . Not on ly  does

the excess loss have some dependence on number of fibers , hu t

one can a l so  expect  loss to be in t roduced  h the  f u s i o n  of

the  b i f u r c a t e d  a r m s .  C lea r ly , a d i f f e r e n t  approach r e q u i r in g

small  numb ers  of fiber s to fabrica te a coupler  and which

keeps the  constituent fiber sizes within r ea sonab le  h a n d l i n g

a b i l i t y  was ca l l ed  f o r .

2 .  TwO F i b e r  Approach

In t h i s  approach , the  coupler  is formed by the f u s i o n  o f  two

p a r a l l e l  f i b e r s .  The two f i i i e r s  are fused  and caused  to

transition gradually to a circular cross s e c t i o n  to mate

with ~ s i n g l e  f ibe i ’ . A nominal 3 dB coup ler is fo rmed  when

thc two f i b e r s  t h a t  are fused toge the r  am -c of e q u i v a l e n t

d i ameters. Ot h e r  tap-o f f  ra t ios arc o b t a i n e d  by a d j u s t m e n t
~~~~

f
V the  d i a m e t e r  r a t  ios be tween  the  two f i b e r s  f o r m i n g  t h e

c o u p l e r .

Table 2 i n d i cat e s  r e q u i r e d  f i b e r  s i z e s  for  c o n s t r u c t i n g

couplers o f  a ti t’ S i red  t a p - e t ~f I eve 1 .

S . D i r e c t i o n a l _ C o u p l e r  F a b r i c a t i o n

The con s t r u c t i o n  g u i d e l i n e s  for  the  d ev i c e s  for  t h i s  t a s k

w ere in p a r t  set 1w measurement  r eq u i r e m e n t s  - The fused  and

c ompacted c v i  indr  ica  1 p o r t i o n  of the couplers were b u t t

40
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fused  to  f i b e r s  o f  s i m i l a r  c m ’ o s s - s t -- c t i o n a l  a r e a .  ‘I ’h i s  a l l o w s

measurement  of the  i nj e c t e d  power by cutt ing the in lect ed

p or t  f i b e r  to m e a s u r e  tile i n p u t  1)ol~ci I crc 1

l i m e  r equ l  rement f o r  t he  butt fused f i  her  l e n g t h  n e c e s s i t a t e d

f i x t u r i n g  to  p e r m i t  s c i - ib  i n g  and b r e a k i n g  of t he  f u s e d  c o u p l e r

to attain c l e a n , p e r p e n d i c u l a r  end faces fo r  t i l e  s u b s e q u e n t

butt f u s i o n , The f i x t u r i n g  a r r a n g e m e n t  r e s e m b l e s  that used

to per for ru  fusion s p l i c es , the p r i m a r y  components  b e in g  a

I i  X CLI f i b e r  ho iddown p 1 ate and a mit ic roman i pu I a teLl plate f o r

a l i g n m e n t .

In t h e  even sn i i t  (S dR) directiona l coupler d e s i g n , t i le  f i -

bet ’s to  be fused  to form ti l e m a i n  hotl y of  tim e c o u p l e r  w o u l d

he typ i c a l ly  severa l  me te r s  in l e n g t h  to a l l o w  f o r  s eve ra l

m e a s u r e m e n t  cy c l e s .  One end of t he se  f i h e i - s  would  be stripped

of their jacket and cladding over approximatel y six (ti ) in-

ches in length , and thoroughly cleaned w i t h  s o l v e n t s .  The

jacke t ed por t ion of the fiber s nea res t  til e s t r i p p e d  f i b e r s

are t i e d  t o g e t h e r  and t i le hy t r e l  j a c k e t s  mel ted  t o g e t h e r  u s i n g

a h o t  a i r gun - l’h I s (us ion of t he ~ i h e r  ) ac kt ’t 5 has  t w o  b euie —

f i t s :  1) a s  t h e  j a c k e t s  m e l t , t h e  t h i c k n e s s  of  t h e  i n t e r -

v e n i n g  h v t r e l is reduced , thus  L i e c r e a s i n g  the  f i b e r  to f i b e r

s p a c i n g  and congruence ang le  to  the  fused reg ion ; 2 )  as the

fibers are now held fixed with relationship to one another 
H
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the po ssibility of twi st ing the fibers independently is

eliminated. This techni que aids in produc ing consis tent ly

better devices due to minimization of physical distortions .

At this point , the fiber pair is taped to the stationary

p la t e  of the fu s ion  f i x t u r e  w i t h  the h y t r e l  j a c k e t  over -

hanging the edge of the plate by approximately one-half inch.

The d i s t ance  between the s tat ionary and micromanipulated

pla tes  should he on the order of three  inches .

The f i be r s  are now drawn toge ther wi th a clove hitch using

pure cot ton thread . The clove hitch prevents twisting during

tightening due to the inherent inline loop configuration of

this knot. Figure 9 illustrates the clove hitch knot tying

procedure with and withou t half hitch termination ,

The clove hi tch is drawn tight and secured on the loop side

of the knot with a half hitch , The knots should be applied
“1

near the jacketed fiber end and slid down the fibers toward

the end of the bare fiber. This technique removes slack in

the fibers and ensures intimate fiber contact. Two knots

spaced approximately l/8ut should be used at each end of the

bared fiber. The fibers at the end of the coupler are now

taped to the plate at the other end of the fixture and molten

polye thylene  appl ied for approximate ly  an inch over the

43
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c e n t r a l reg ion u s i n g  a ho t  soldering i r on  fo r  a p p l i c a t i o n .

The t’us ion p roces s  i s  now i n i t i a t e d  b e t w e e n  t h e  k n o t s  and

p o l y e t h y l e n e  c o a t e d  reg ion of t h e  f i b e r s  at h e  ¼ nd aw ay

f rom t h e  j a c k e t s .  The f u s i o n  p r o c e s s  i s  coni~~ -~ dow n

the  l e n g t h  of t h e  f i b e r s  t 0 \ \  : 1VLI  t h e  j a c k e t e d  f ib e r s  unt i i  a

st r a i g h t  s e c t i o n  of  circular c r e s s  s e ct i o n  is  obtained w ith

a s m o o t h  t r a n s i t i o n  reg i o n .

W i t h t he  fus i ~n p r o c e s s  coi ’i~ I e t o  • t he coui~ l et’ i s he Id by

t w c o :e r s ~o r e t h e r t ~ I se c I ar t p oj )  and sc r  i bed i ll  3fl a re a  o f

c i i-cu l  ar c r o s s  sec t  ion  - The Iet~ ns t r oa n  en d of  t h e  ceu ~ i c r  ,

t h a t  mounted on the m i c r o  m a u i  pu 1 a t  ed p l a t e  , ~ s d is  car d et i  -

.-\ f i b er of  t i v a l e n t  c ross  sec t  ion to  t h a t  o f  t h e  f u s e d

coupler is  now t aped  to th i s p l a t e , w I t h 1/_’’’ o f j a c ket

o v e r h a n g , in  preparation fox- the butt (us ion p r o c e s s  -

I h e  t’.thc r to be butt fUsed I s not-. aLI l us t ed fo r p e r f e c t  J \  in  1

a l i g n m e n t  b e t w e e n  i t  and til e c o u p l e r .  ‘I ’he f i b e r s  a x - c ii r oug h t

in c l o s e  p r o x i m i t )  and i lC . l t C L !  u t  ing the sm a llest t
V l ame  F o ss  I -

b l e .  .-\s t h e end f a c e s  b u l g e  and c o n t a c t  , t h e  s i n g le f i b e r

is a dv a n c e d  s l i g h t l y  to  m a i n t a i n  a c o n s t a n t  c r o s s  s O c t i O n .

The t o r c h  is man i p u l a t e d  arount i  the per i p h er v  of the fibers

to  e n su r e  u n i f o rm w e t t i n g  of t he  loint at -ca .

--  - -  -~~~ - V - --
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end of  a 31) ~im f i b e r  i s  fused to the 12~ u r n  t i b ~~u ’ . Ca t - c um l u s t

he e x e r c i s e d  to  e n s u r e  t h a t  t i m e  i n t e m ’ m e d i a t e  stripped fiber

r e g i o n  r e m a i n s  s t r a i g h t  to p r e v e n t  m o L l e  c o n v e r s i o n.  The f i b e r

(us ion process i t s e l f  is a l s o  di f f c i - en t  f ron t  that used for ti m e

3 dB des I gn . ‘I’he f i  amne p r e ss u re  of  t h e  t o r c h  w i l l  cas  i l v  b l o w

tile 30 u i m fl f i b e r  fr o i ~m i n t i m a t e  c o n t a c t  m~ I t h  t he  l a r g e m -  f i b e m -

To p reven t  t h i s  , the 30 ~im f
V 

ib e r i s  he a ted pr imar m lv b~- con -

duc t  ion f rom the  larger fiber. ‘ft i s  o p e r a t i o n  i s  s o m e wh a t

analogous to reflow soldering. l’he s m a l l  f i b e r  is s h i o l d e L l

f rom the  t o r c h  f l a m e  by t he  I am ’ger  f i b e r , thus p r e v e n t  i n g

movement  d u r i n g  f u s i o n .

5. I)irectional Coupler Chiat’acteri:ation

Fi gure 10 is a g r a p h i c a l  r e p m ’e s e n t a t  ion  of d i r e c t  i on a  I c o u p l e r

per  f o r m a n e c  w i t h  a l l  modes  cxc .i t CLI i n  both the unc I ad (un re

s t r i c t e t i  coup le r  N .  ,- \ . )  and cizidd eL I ( c o u p l e r  N :\ I i b e m -  N .  \ .

s t a t e s .  In al l  cases , within m e a s u r e m e n t  a c c u r a cy , t h e  e x cess

loss  was g rea te r  (‘or the c ladded coup ler state . Those d e v i c e s

w h i c h  l i e  on or abou t  t i le “moL le conve r s  ion  in d e i i en d e n t  at -

t e n u a t i o n  p r o f i l e , ” mos t  l i k e l ~’ su l f e r  fr o m  p r o b l e m s  r e l a t i n g

to c l ean l ines s .  D e v i c e s  f a r  removed f rom t h i s  l i n e  i n d i c a t e

s u b s t a n t i a l  mode conve r s ion .

To u n d e r s t a n d  t h i s  p rocess , cons i d e r  t h a t  mode c o nv er s  ion  oc-

curs  at the t ransi t ion reg ions into anti out  of t h e  c o u p l e r .

_ _ _ _  -~~~~ V
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In the uncladded state the numerical aperture of the central

coupler region is very large , so that even with conversion to

very  hi gh order mode s , this energy remains trapped in the

core m a t e r i a l .  Some of the very hi gh order modes may then

be reconverte tl  so as to be w i t h i n  the numer i ca l  ape r t u r e

of the output f i b e r s .  W i t h  the app l i ca t ion  of c ladding

m a t e r i a l  to the  c e n t r a l  c o u p l e r  reg ion the  e n e r gy  r e s i d i n g

in the hig her order mode s is removed from the  coup le r  an d i s

no longe r  a v a i l a b l e  to he d o w n - c o n v e r t e d  in to  p r o p a g a t i n g

modes of  tim e ou tpu t  f i b e r s .

More than 150 d i r e c t i o n a l  coup le r s  of  t he  even s p l i t  des i gn

were  fabr icated during t h i s  program . Of t h i s  t o t a l , 81 w e r e

characterized . The average excess loss for these is -l.3~ dB

uncl added. In the  c l added  s t a t e , - 1. -il dB exces s  l o s s  was  the

ave r age .

Tab le  3 i n d i c a t e s  the  bes t  r e s u l t s  o b t a i n c L i  to da te  f o r  d i -

r e c t i o n a l  coup le r s  of tile 3 dB d e s i gn .  For the  h i g h t a p - o f f

v a r i e ty  of d i r e c t i o n a l  coupler  ( h i g h e s t  t a p - o f f  p roduced  o n l y ) ,

2~ were  c h a r a c t e r i z e d  in  t he  u n c l a d d e d  s t a t e .  l)uc to  tim e f i b e r

d i a m e t e r  v a r i a t i o n s  e x i s t i n g  in t h e  c o n s t i t u e n t  f i b e r s  u sed  to

f a b r i c a t e  th ese c o u p l e r  ty p e s , d e s i gn t a p - o f f  l e v e l s  c o u l d  be

expected  to vary from - 1 1  . ~) 5 dB to -1 -1 . ( )  dB .  These  t ap  - o f f

V t  C
V )
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l e v e l  s t ra um s l a t e  to  — 0  - .~9 dR and - 0 - I — LI I~ t o t  a I t i m  !oL i t Z hm I )  ut

loss r e s p e c t i v e l y .  ‘I’hc unc 1 added pe r  I
V
t i r m a r i c t s  d a t a  for th is

sample is — 1 . 85 LI I ’ . u v c m m g e  t I m t e u t ~i m p t u t  l o s s . I l i t ’ a t- t i u n i

t a p - o t f  l e v e l s  obtained were 1(t .~~-1 L tl~ a v e m - a g e , w i t h  a st ~~n

da i- d d e v i a t i o n  of 1 .~~4 dP .  F o t a l  t’x c t ’ss  l o s s  m~’as —L St ’ til ~
a v e r a g e .  S i x  ( b )  o f  tim e lowest loss , h i g h tap- o ff d e v i c e s

were  measured  in the  c lad d ed  s t a t e  as w e l l  • T h e i r  poi’fo u’mance

was  as f o l l o w s :

‘I’h r ou ghpu t 1 O s  s : - 9 8 LI B , 0 - 1 7 d I~ —

‘l’ a p — o  I f  level: - 1 5 . 5 8  tIB , o = 1) . -23 tW

T o t a l  excess  l o s s :  - 0 . 8 - I  dB, ~ = 0 .l ii  tIB

The r e su l t s  o b t a i n e d  for t he se  c o up  I ers  appea r  in  l a b  Ic 4

Ii . Dire cti onal _Coupl er 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

F u r t h e m -  t e c h n i q u e  t ievel  opment  , I i xtur ing and d c v i  cc p a c k a g i n g

improvements are expec ted  to y i e l d  d e v i c e s  w i t h  c o n s i s t e n t ly

less than  0 . 7  dB e x c e s s  l o s s .  Bas eL l on the m- esults of this

progra m , 0 . 3  dB e xc e s s  max ’ u l t i m a t e l y  be a c h i e v a b l e ,  I h i s

conclus  ion i s  based on a number  of f a c t o r s  that t’e l a t e  t Li t h e

resul ts ob ta in ed from th i s  program . i’he c o n f i g l u r a t i o n  of  tile

dev ice s made con t ro l o f’ the fabrication processes L h i I f I C U l t .

This is to some degree responsible for  til e excess loss leve ls

obtained and certainly responsible t’ou- t h e  variation existing

from d e v i c e  to d e v i c e .

S i

V ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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—-V.

I i gum’ e 10 i s r e p r e s e n t a t  i VC o f  the per formance spread  obtained

f o r  tim e 3 dB c o u p l e r s  t’ah r i c a t e d  d u r i n g  the l a t t e r  p o r t i o n  of

t i m  u s  p r o g r a m  - ~!O1 ’ t’ t h a n  h a l  I Li f t h e s e de~’ i ces . when coa ted ,

had  e x c e s s  l o s s  l e s s  t h a n  1 .0  dB - Two of the d e v i c e s  p l o t t e t i  -~ -

h ad  excess loss  less  t h a n  0.  i0 dB when  c o a t e d , anti in the

un co ate d  s t a t e , less  than  (1 .3~ d B .  W i t h  s u i t a b l e  m o d i f i c a t i o n  V

to  t he f i t s  I on Ii xt ur i ng , I m pm’ ovo me n  t S ill tIm e Itis i on t e c h n i q u e

an d the  use  of  a p a c k a g i n g  concep t  that p r ev e n t s  or m i n i m i z e s

d i s t o r t i o n  of  t h e  couplet’s , i m p r o v e d  per  t o r m a nc e  w i l l  r e s u l t .



Sl~CI’ ION 1k

‘‘‘I-’’ ( l(J}~~}~ RS

A ‘‘T’’ coup le r , as t IC f i ned l om ’ tim is prograu m i , is a d c v i  cc t hat

LI i st ri butes the jmom~er Incident at an~- OflO of the p o r t  s t o  tIm e

remn a i n i n g  p o r t s  in a pi’OpOi’ t iOn pr eL le t et ’f l t  i f l e L t  b ’s ’ t h e  LIOV i ce

cons t r u c t i o n  d e t a i l s .  The d ev i c e s i n v e s t i g a t e d  and r e p o r t e d  C

on here arc of two types  - an even sp i i t t  i ng c o u p l e m -  , t h a t  i s ,

time power inc i dent on an pol’ t s LI iv I LIOL1 ev eni  V lie tl% L’t’fl t he

m - e m a i n i n g  tw o  ports L n d e p e n L h e n t  t ’ t  t~to p o m t  se .l octed f o m - t i m e

i n p u t , and a hig im tap — o il coupler. The operation Li t
’ t h e  ii i g it

t a p - o f f  des i gn is bes t  i l l u s t r a t ed h~’ e x a m i mp le .

I
Assume that a sy stem e x i s t s  wi m t’rebv i n f o r m a t i o n  e x c h a n g e

(pow er  t’l ow l  takes place i n both LI i t - oc t  1 L~~I~~~~ O V O  m ’ t he t rail s

m i s s i o n  lin e , and i t  i s  d e s i r e d  t o  m o n i t o r  the  i n f o r m a t i o n

flow in both d ir e c t  ions along tile t ransmn t ss ion  line m~ i tho m , m t

s i g n i f i c a n t l y  a l t e r i n g  til e s t ren g t im o f  tim e s i g n a l .  -\ hi gh

tap — o f f  ‘‘l’’ coupler will lul f i l l  t he se  r e qui  remnent s

By e x a r n in a t  ion of the schematic i’epresentat ion of  t i le ‘ ‘ I ’ ’ ’

c oup le r s  , Figure 11 , i t  i s  no ted  t h at  each of  the a m mmm s Lit’

po r t  ~ of the d e v i c e  a re  , in essence  , d i  m’ec t i ona I c o u p l e r s  -

The directional coupler at t im e i n p u t  arm serves  as a pom~er

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~~ i i  t t er to each of t h e  a d j  :mc en t  arms o f t h e UT  . I’he even

sp i i  t ‘‘ 1 ’’ cou p le m -  d e s i gn can  be en~’ i s  i oiled there fore as t i le

i n t e r c o n n e c t i o n  of  t h r e e  even spl i t  ti i i’~~~t ion a l  c o u p l e m - s

and the  hi gh t a p - o f f  t ics ign  as tim e i n t e r c o n n e c t  i on  of  t m. ’o

h i g h t a p - o f f  di rectionals with s n e c i n l  c o n s i d e r a t i o n  g i v e n

t o  the  sampi  ing p or t  sy s t e m  i n t e r c o n n e c t i o n  ( s a m p l i n g  p o r t

or per  ip h e r al  p o r t  b e i n g  t h a t  w h i c h  i s  fo r med by  t he  comb i -

n a t i o n  o f  t he  h i g h  t a p - o f f  p o r t s  o f  t h e  c o n s t i t u e n t  L l i r e c -

t i on a l  coup l e r s)  -

‘ ‘ 1 ’  
— 

Co up le r ba li r i c at  i on

D u r i n g  til e program , i t  was found t h a t  in o rder  to u n d e r s t a n d

the  l o s s  m e c h a n i sm s  i n h e r e n t  to  t h i s  1~ar t  i c u l a r  f o r m  of  o p t i c a l

c o u p l e r  t h a t  i t  was  b e s t  to  a s s e m b l e  t h e  coupl  ers  (‘r em pl ’e -

v i o u s l v  c h a r a c t e r i z e d  d i r e c t i o nal  c o u p l e r s .  ‘Ihe c o n s t r u c t i o n

d e t a i l s  for  these  d e v i c e s  i s  s imp ly  t ha t  of  b u t t  fus i enS 0 1

t ime  s econdary  arms of the c o n s t i t u e n t  d i r e c t i o n a l  c o u p l e r s .

l: or the  even s p l i t  de s i gn , three  even s p l i t  d i r e c t i o n a l

co u p l e r s  are j o i n e d  t oge the r  by b u t t  fti s ion of the  secondary

am -ms of  the  d i r e c t  i on a l s  to fo rm tile “T” . The b u t t  f u s e d

j o i n t s  were rec ladded w i t h  s i l i c o n e  RTV and cemented to a

subs t r a t e  for  p ro tec t  ion . The pr imar ~’ arms o .  tile d i  re c -

tionals now form the p o r t s  of t ime coupler.

S Ii 
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In the h i g h  t a p - o f f  “1” des ign , on ly  two hi gh tap-off dit-ec-

tional couplers are required to form the device. The larger

secondary Ports are bu t t  fused to form the main  i n t e r n a l

throughput arm of the coupler . The two smaller fibers of

the direct i onal s are fused together and to a ~~~ mim f i b e r

to for m time p e r i p he ral  output  poi- t arm .

. “T” CouJ~ ,2~~ Performance

Table S illustrates the r e s u l t s  ob ta ined  for “T” couple rs  V

of  the  3 dB d e s i g n.  F i gure l~ depicts the  r e s u l t s  of one

of these  de vices  in te rms  of the  “T” s pe l - fo rmance  and the

i n d i v i d u a l  p e r f o r m a n c e  of t h e  c o n s t i t u e n t  d i r e c t i o n a l  c o u p l e r s .

As seen in Fi gure  12 , the t o t a l  t h r o u g h p u t  l o s s , f r o m  any

po r t , t o an~- othe r por t  was g rea t e r  t h a n  time sum of the  losses

assoc ia ted  with the d i r e c t  i onal c o u t i l e r s  i n v o l v e d  in the par -

t i c ula r  path and direction examined . T h i s  p rob lem was  in

evidenc e in all of’ the even s~~l i t  “ 1” co u p l e r s  f a b r i c a t e d

as par t  of t h i s  e f f o r t  to v a r y  in g  deg rees .

The re i s  s t rong  c v i  dence t h a t  tim e s, i i u r c e  o f  t h e  add i t  j o l l a ]

loss  in tile CVCf l  spl i t  “T” co u p l e r s  i s  mod a l  - p o w e r - r e  -

d i s t r i b u t i o n  t ha t  is p r e s e n t  in  the  i i m t l i v i d u a l  d i r e c t i o n a l

couplers - Because the total power ~l i v l s i  on in  t h e

5 7

- ‘—  
- 
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T a b l e  S - l ven  Sp Ii t “T ’’ Couplet ’s -

‘1” - 8 8 1/ 8 8 3 / 8 9 5

- - - - - o~i~Yi n g R~iTT o d B)
Det~ cteti Port ~

l i i i e c t e t i  Por t  ~ 8T[~ 883  ‘ 895 E x c e s s  Loss  (dB- )

S S 1  - -  -
~~~ .47 -7 .35

883  - S . 1  - -  - 7 . 3 $  - 3 , 7-I
8 9 3  - 5 . 3 7  - 7 . 4 3  - -  - 2 . 13 

~~~~ Coup 1 ing  i~~f~~~~~ H~Y
1) e t e c t e L l  P o r t

ir i ~ e c t c ~l P e r t  ~ S t ~
’F ’

J 

S_ 9  S9 3  E x c e s s  l o s s  ( d R )

St i l - . I ~~~~ - 8 . 0 8 - - 1 . 9 - 1
- -  8 . 2 2  - 4 . 7 1  
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L I I  m ’ect i on a i  c o u l i l e m - s a p p o a m - s to he e s s o m m t i al I v  i l m t t e j i e l m lt ’ nt

o f  t i me i n p u t  m o d a l  L l i s t m ’ i h i m t  i o n , t h i s  m od a l  m ’e di st r i h u t i o n

m u s t  come a f t  e m ’ p o w e r  d i v  i s  i on has been e s s e n t i a l  I y e st  :mb -

I i shed , I t  i s  observed as a u io m m u n  m f o r m  a m ~ -~it I ~ir LI 1 s t r i  l i m i t  i o n  
V

in ti m e c o u p  I e r  o u t p u t  a rms -

It thus appears t h a t  t i m e  e x t  m a  l o s se s  in a i yen a m -m n of a 
V

‘ I ’ ’  cOup l e t ’  , ove m and above the i n t l  i v I t l t i ~ I d i m ’ec t i ona  I V

e x c e s s  l osses , occ u m - s wh e n  a r m s  w i t h  i i i  f i ~-r e n t  m o d a l  red i s

t m- i but i on s i g n at  m i r e s  ar e  ,i cm i n ed  . 1 t s i m o n I t1  he n o t e d  t I i3  t t h e

e x c e s s  I oss es oii so m v e L I  ar e  t 
~
-p i ca I I V s i m~um i i i  c am i t 1~ - g i - e a t - e m ’

IL
t ima n  si ’iI  I C  i m i g  I O s s e s  ( t y p  I c a l l~ 0. 3 d I l )  -

‘(‘ a b l e  (i i 1 1  m is t -  i’at es t i m e  r e s u l t s  obt  a i n t ”d ( O r  t i m e  lm i rji

t a p  - 01 I ’ ‘‘‘ l ’ ’~ coup  I cm’s  - N o t e  t i m a  t i i i  t i m  i s de s  I gn t l i e

I ) m V - o l i  I em t lt ’Sc F l  beLl  f o r  the even spi i t  ‘‘‘I”’ ‘ s i s  o f  I i t t  I c

c o n s equ e n c e  - Ti m i s i s  mos t  I i ke I ~~
- dt ue to the fact t hat the

lu- i ma t- v (, l ar g e r )  i n t e  m a  I t h m ’ o m m g lmp u t I i h e r  i s  r e I at i v ol ~

tii~tI I s tu rb ed  i n  geomet  my by t h e  Ins i Oil 0 f t i m e  s ma l  I t ap 0 I I

f i b e r s ,  V

3. “T” Coup I em - Conc I us i ons

‘l’hc cx:-ess loss l e v e l s  e x h  i b i t e d  by  t h e  ‘ I ’ ’ ’  c o m m p l o m ’  o f  t i me

e v e n  spi  i t  t I C S  i gn was  g m ’ e a t e m ’  than em - I g inal l v ant ft i pat ed -

- — - V -— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V likI
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I n  add i t  i o n , t i m e  m et h od of 1 a b i - i c a t  i n g  t i me ‘‘1’’’ c oup le t ’s f t -omit

i n d i v i d u a l  Ll i I ’ ec t iona l  c o u p l e r  e l e m e n t s  leads to a con! i g U i ’ a —

t ion that is  n ot  amenab  Ic  to p ac kag i ng for rea 1 svs t em u n  -4

p l e r n e nt a t i o n . However , the results i’L ’pol ’t et l  h e r e  do i n d i c a t e

t h a t  cont  r o l l  eti I’mis i ~in p recesses are  a v i  au Ic approach to

f a h m - i c a t  i ng t h e se  t lev i c e s .

I t  appe a  m’s t h a t  to  i n mp m’ove c o u p i  oi’ pe r io  m - mn an c e t i m e  s o u r c e  of

mnoda 1 red I st  r i lmu t  i on m n u s t  lie m d en t  i f i ed and s i gim i t~ ‘. cant 1 y V

m’c d t mc c t l . ~ im the h a s  i s  o f  v i s u a l  o h s o t ’ v a t i o n  o f  c o u p l e t ’

p im ys  I c a l  c i m a i ’ ; mc  te t i s t  i cs , i t  a p p e a r s  t h a t  t he motla I med m s

t r i h u t  i o n  ~ r o h 1  em mi i s  g e o m e t  r~ m e  I a t ed -

-4 
Fe r e d u ce  t i m e  g e o n m e t  r ft ~ am - i a t  i o n  e~ i St ing iii t l it ’ t r a n s  i t  t o n

t c g  oil s ( r em tie v ice t o  tl~’v i ce  , t l l t l  t i to  i n  t’I tience e I e \ t o  1- h a 1 1~ -

im m , hit ’ed 5 t r a  in S  t h a t  a i.e respoi m s i i i  I c  lo m ’ t h i  S y a m - i a t  on , im em ~

(‘ai i m’ i c , m t  i o n  p i ’ ec e sse s  an~l ~m ackag i i m g  L’ L i l l L t ’li t 5 31’(’ 104 1 11 i I’O t l

I aN  r i cat ion o I the coup  I em’ s I ro m ’m s imo  m ’ t I & ‘ im ~: t i m  o I ’ t
V-

i lie m’s I n

a I i  x t u t ’ e such t h a t  t h e y  , m y e  in a t c t  all v re 1, m \ c , l  St  ate

tl u m ’ m ag (‘us ion m s c X I’L ’t t ed  t e a ch i cv e a g r ea t 1’ 1’ tit ’,i~ l O t ’ o I

co n t r o l  LiVO m - t Im e t’eomt’t r\’ 0 I tho t m a n s  m l  m on r eg i o n s  -

I n  c o n - . I ~l e m ’ a t  i on o t  t l i t ’ e t c  t’a I I p -~~ ka~~o tIes m m~m i foi ‘‘I’’’

i t  IS , m l s e  m m p e m ’ t ; m m m t  1,i L ( i tj ’. i d em - ~m des igim t h a t  w i l t  a t  t o w

1)2

-A 
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I
t im e dcv  i c e , as ( ‘u sed , to r em i mai n  unc  1 a d d eL I  i n  order to In i ’t lmer

m i i i  I mm m i :0 loss  t l t t e  to  t h e  l i m i t  l u g  o I t h e  coup  1 cm ‘ s unmet ’  i c a l

a p e r t u r e  - ‘l ime p a c k ag  i m i g de s i gii con c ep t  s lm ou  I LI a I so pm’ov i d e

füi ’  a n m et h oLl  of  c o u p l e t ’  interlacin g t o  t i m e  o u t s i d e  w o m i d  b y

w a y  o f  an I nteg i-al connec t o m  - ‘l ime  approach el i m ti i nat Cs t h e

h i t  roduct ion of e,’~, to i-na l i v  m n du c e t l  st  r o ss  , a 1)0 t e n t  1 a 1 c aU s e  V

of d e v i c e  f a i l u re .  ,-\ d L I i t i o n a l  l v , tim e p a c k a g e  d e s i g n  m u s t  he

c a p a bl e  of  protect ing and prose i’v ing  t h e  cou ii i cr  f r o m  the

e x t r e m e s of  t ime  opc m’at lu g  eiiv i r onmen t  .

C )
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li m e goa 1 s o I’ t I i i  s t a s k  w ei -c to dove 1 op f a N  m i c a t  i o i m t cc l i i i  i ~l t l e~

I o m- t m -ansm i ss i ye ant i  m c  11cc t I i ’e s t  am coup I e m’ ’~ i t t  I 1 m m 1mg t i m e

d i  r ec t  In s  ion a p p m - o a c l m  as  a p r i m a l - v  t e c h i m  i q u c .  ~ e v o i i  (

n i n e t e e n  (.19) , and ti m i m’tv — two (32) pert t le v  i c e -  we m e  t o  be

i n t - e s t i g atet i .

J a .  ~ C , m f l ~~f l H s S I c i i ~~~t J i ’  l o i m h ’ l ’ r  I b m  c m t  ion

[he lab t’ I cat ion p t o c e s  s es t ie se m I l i ed  i i i  ~oc t i o n  1 1 o I t I m  I s

i’ep Ot ’ t a t -c a m~ene i-a l set of falir i cat i L~~fl pr oc edit i-cs app  I I cai i  I e

to  all of  t h e  c o u p l e t -  f o r m s  i n v e s t  i g a t e t i  d u r i n g  t h i s  p r o g r a m .

The i-c a rc  , h owe t - c r , a spec  i a I so t  e I t a b  r I c a t  i on cons  i d e ra  - -

i oil s anti  I i r o c e d i t m ’ e s  that l ie i ’ ta  i l l  t o  t l i t.’ t l ’ai lsmfl i ss i o n  - ; t  a t -

co u p I e t s  - I h e s e  coil s i t ie i-at toi ls are dc sc  x’ I bed i n  t i m e  p. m r a

g r a p hs t h a t  l o l l  ow . Two c i ’ t h e  t i’ansm iss ion stat’ L’O t t p  I e m ’ s

i n v e s t  i ga t e d  w e t - c t’ab m - i c a t  ed w i t Im t he c ,  r r ec  t n ’ im ~m l i e  r o I I’ i lie m’~.

that f o r m  a h e x a g o n a l  ~
‘ l o s e  - p3 L

- k e t l  st  111 L ’ t i t  r L ’ 1 1 i b e  m and 19

I i  be r groups) . l o  r t l m c s  e ~Ie~ Ice s , t h e  m i s c  o f ’ c o t  t OIl t l i r e , i d

t o  tl t ’am% t ime  f i b e r s  t o g e t i m e m ’  f o r  f mm s  lo ll  works w e  I I due to t i m e

ax i - a l sy m m e t r y  o f  t h e  c l o s e — p a c k e t l  s t  m ’ m i c t m m r e .  l o t ’  t l m & ’

t i m I t ’ t v — t w o  p o t t  d e v i c e s  i n v e s t i t ~a t et I  , h o w e v c i  . a x i a l  sv m m e t  i - v

tiOes not cx i St mdi i cli cOmpOtiflt i s time toi ’miui t I OIl 01 5mfl L i L i t Ii

tr ai l s it i o n  1-eg i o im s and In I xci -  reg l o m i  as w ell -

1 ) 1
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F or the seven por t t r a n s m i s s i o n  s ta r , good fus ion  r e s u l t s

were achievable with a single-ti pped torch. The in it ial

trials with this torch were unsuccess f u l  on the 19 and 32

Port devices . The p r o b l e m  was t h a t  t h e  o u t e r  tw o  l a y e r s  of

the f i be r  pack would  fuse together  a lmos t  i m m e d i a t e l y , w h i l e

in e f f ec t , insulating the inner-most f i b e r .  I t  proved  f u t i l e

to r a i s e  the temperature and a t tempt  to force the fus ion

process  because t h i s  i n v a r i a b l y  l ed  to d i s t o r t i o n  of t he

coupler and even parting of some of the  f i b e r s .  A m e t h o d  of ’

a c h i e v i n g  a more un i form hea t  tiis tr ihu t ion  was  c a l l e d  f o r .

C o n s e q u e n t l y ,  a dna I t i pped t o m - c i m  was  (‘aIi m- i c , m t  CLI amid  s i  gi m i -

f i cantlv improved re sul t s were  o b t a i n e d .  ‘l ime f i r s t  d e v i c e

l’ab t ’i ca t cd  u s i n g  t h i s  t o r c h  was a 32 po r t  t r a n s m i  ss ion  star

c o u p l e r  -

An additional benefit of time dua l  - t I pped t o r c h  pr ov e t i  t o  lie

t im e b alanc ing  of d i s t o r t i o n  fom - c e s  as a r e s u l t  of  the  f l a m e

p t ’e s sm.u’e. ‘(‘his f a c t  im p rove d the  ph v s i c a l I i ncam’ itv of the

d e v i c e s  c o n t r i hu t  ing  to t h e  r educ t  i o u  iii  e x c e s s  l o s s .

I t i s  important to note t h a t  t ime t iU -a 1 — t I ppe t i t o r c h  dcv e 1 opmcnt

was i n  pa r t  r e sp on s i h i  e fo r  re t iu c  j u g  t he  en t r a pm e n t  o f  b u b b l e s

S

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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iii the f u s e d  c ou p l e  m~ reg ion . C l e a n !  m ess a l s o  p l a y s  an

im Ji ol- r, ali t re Ic  ii b m m b l i  I c  m i n i m  i at ion  by  p ro ino t  i ng 1’ ib e r

t o  I i i i c r  w e t  t i i m ~,

lb. lm cv~~- e Fmxt u t - j ni ,’ Pack ,lcni L’

I ’ti ~ app m ca c lm t ,mkeim t Li t im t’ f m x t u r  m ug ant i  p a c k a g ing c I t h e s e

d e v i c e s  i~as co n c e I v e d  i l l  t im e  m t  crest t i t ’ t iev i c e  p m ’c s e r v a t  1011 ,

m i t m i n m i~~a t i o i l  c i  h a n d l i n g , and  ea se  of  t a b r i c ; i t  i on . ‘ i b i s

c o n c e p t  u t u  1 I :ed a “ f l ’  sim apet ! l i i - a c k e t  O f  a him i nuiii w h e r e  tim e

upjie m’ a i- ms wci ’c e t’ sit i ’ I ’ i c  I cut I engt ii and w I ti t il to a n c h o r  t i me

_ m ac keted Ii lie rs ~~~~~~~~~~ i ’e I i -  . F ite  I o img e i ’  t i l L’ length c i  I iber

t hat i s N o n d e t h  t c t h e  I i  x t U m e , t l ie lie t t or  t he mc c hail i c a l

I so tat m on p rev i tie~i t o  t h e  c cup I c u . I’he d i s t aumc c lie t ween t h e

a m’rms  o f  t l i t ’ ii r a c k e t  w , i  s t i e l  e m - l it I n ed  li~ t h e ~et i i~ l c i  t vpe  t e

l i e  lab  r i cat etl ~, g r o a t e m  s p a t ’ i ng (‘or  c ot i p  Ic m ’s faN m- i c a t  t.’d I r L i mli

I a rgc m imurthers e I f i  lie i-s ‘I , an d  a 1 s Li s I I ~h t I ‘ g r e a t  c t  t b a n

t i m e  s t m i j i i cd I’ i l i t .’ m’ I emig t I m  - ‘l b I s d i s t a i m c e  s I mpo m ’t an t  in

t c i’m - i s o I r et lu c  I ug lie au g  1 c c I t ape  m- f r o m  t lie ,m ac hot cii

I i  h e m s  t o  t h e  m u s e d  c o up l o r  -

ihe st  i I p l i ct i  and t~ I i’ t n e~i 1 i h e r  I e n m ~ u s  ar e  c e i ’ient  cii i mmd m v I -

I l v  t o  t i m e  hi r ae  h o t  t el i  u n d o  i’ a sm , m 11 a m e m u i l  t c f  t e n s  I o im

and w i t i m  no in h c t ’ c i m t t w i s t  - I c  t ’o i ’r\ t l i t ’ i iC s  I red l~~1t.’k t

ccii i I g i i r . m  I t eu . Sii~ r t  d m m n r n ’  c I , l L I t i C d  I i h e u - s  a m e  i f l ee  rpo  rat i’d

m i l t 0 t h e  c m~ct t p ~ 0 lii i  m I d  i m p  t lie d t ~ s I mcd  ~ t rue  t n r c  . l’h c

C ) I’ 
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I i l i e i - s a re then drawn t o g c t l i c r  amid I’mmsc t i  . ( ‘he t o n s  m on t h i t

e x i s t e d  due t e t h e  I’ ftc r mt i t i i m t I imi ~ t i’ t h c  I i  x tim me i s  m e

I i  t’v ctl diii ’  l u g  lus i o u - i .  ( l i e  cii I i ’  t e n s i o n  t h a t  rena i m m s is

t h a t  a sso c  i :mte d w i t i m t ime  snma I I cL i n t  i - ac t  I cmi o I ’ t i i t’ l a s t  : - c u l L ’

to  lie f u s ed -

Fi,ii ’ the most p~l’m-t , t h i s  f i x r t u i ’ i u m c , f~i a c k a g i n g  t i CS  i g n co f l ce~~t 1 , u s

adequate (o r  t i m  i s  j i t ’OL ~~ t ’~~u i f l . I loweve’i- , t he t h e r i m m : m l  e x p a i m s ion

coot t i c  l e n t  of a l u m i n u m i m  i’clat ive to t u s e L  s i  1 i ca was  r c s p o u m

s i i i  Ic  I~ i’ li i ’cak agc el sevci’a I dt’i’ i c o s .  I m m cm ’ t’ases i i i  t eri~ c’r ,u

t ci t- c abov e t li t’ a m i N i c im I t t’n( C t a t  nrc so en Nv he liac K a i,~e du i ’ i fl t~

t he  fu s ion  ~ r o c cs s  p l a c e s  t h e  coup 1cm’ im m tens i on  w t 1-u I i i t

p o t  ent i ,m l f o r  li i ’eaKai ~e -

2 .  ~r a u m s m t  i s  s ion  St a m - ( c u ~’ ior Per fomm:mncc

The m e a su r e m en t  d a t a  on t h e  t r a n sm i  i s s  i i,i fl s t a  m L’Liup  I e m s  s t ip 1i  I i ed

to .1. F . ,\ .1,. as d c l  i v em - a l i l e  i t  ems e m -  t i m  i s p t-ograin is i’cpc ~t t e d

in  F aN los  7 t h r o u g h  I I - ‘(‘lie sev en  po rt  dcvi C CS il L) not reiire

sent t he  bcst  tier i c e s  em ’ even t Ime  m e tu m pet -  fo  m’ - man c o  0 1’ sc V cml

port trans m ission stat’s.

F a b l e  12 is time data Icr one t i t
’ the  Nest - n o r t  L tittp I

L’V a m a t ed  iliit ’ i flg tiit’ ~ 
i’L’i~ T mi ult - I I ’ t em’ ev,m 1 n a t  ion  , t i m e i ii t a I I

l eads w c m ~e to o  sho r t  let ’ tLu I’thl Ol’ e v a l m i a t  i on  so t h a t  i t  w ,m~- not

I n c  lud~~t1 in  t ime fina l d c l ii- c ’m-~m blc s
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‘l’he p r o b l e m  t h a t  i~r ev i’nt e J  s u c c e s s  tu l fabricat ion  W I t S t h a t

of p i -ep a i - ing  a s u i t a b l e  end 1100, lnitjal attempts to accom-

p U s h  t h i s  h s ep ar at  i ng  t h e two halves by a s c r i b e  and

b r e a k  t e c h n i q u e  were not  ~uc~~ess1u1.  ‘l’he r e s u l t i n g  end f a c e

was not s u f l ’ i c i e nt l v  l in t  and p e r p e n d i c u l a r  loi - ~i o o d  ( le \ ’iO ( ’

ope rat ion .

Once the scribe and break techni que was t’ound not  t o be

s u i t a b l e  a number  of ot l i ~~i’ ci !’PI’oliches using p o l l  s h in g

tcchn ~quc s were  a t t e m p t ed  . llotcevei - , these a l l  i n v o  I ‘c - eLI  t h e

necess  i tv  o t ’ holding the coup ler  end I i  flil 1 c -  and p o l  I sh i n g

u nd ei ’ t h e  hand I cap (i f h a t  i ng t h e  p i ~~~ i i  s dang i i np  h o r n  t h e

o p p o s i t e  end 01’ the  p aL ’k age  . I’h.i s prescnteLl a C lumsv l i x —

t u r i n g  p r o b l e n l  as ic’ i’l 1 as di C t ’i c u l t  i cc - c  in lindi np s u i t a b l e

m e t h o d s  to  st  al-c i i  c t he  coup l e r  i’e~’, ion i t o o - l i  (In u’ I ng

p o l u  si t  i np . \ l l r i ous m a t e  i- i a I s we t ’c e i t h o r  t i- i ed oi ’ co ’fl-- i I —

dci ’ed I’or p o t t  ing  dul’ ing t h e  p01 1 sh i n g  , b u t  they e i  t h o u ’

proved to o so it  to  a d e q i t a t  ci p r ot ec t  t h it s c o u j l e ~ t C ’ L ’f l

b r e a k i n g , or c o u l d  not  be r e m o v e d  s u l l i o i e n t l v  a t t e t ’

p01 I sli I ng in o t’dc t’ to r e - c  t o re  thu. ’ cL iup i c r  gu i d~ n p  ch i t  i’ac —

t o t ’  i s t  ic s - B r c a k a ge  was c a u se d  Nv st  I’L’SSOS i n l u c od t ii rL ”ug ui

t h e  p i gt.a i i  s t o  the t v a n s  i t  i Oil  i’C~ i o n

~-\ I t h o u g h t i i i  s ~ I ’ l o  t - t  U a s  u n s t u o c  0 5 5  u I  , t I l t ’ i’i ’ I f l O  I l i l t  I L ’ I c O l ’ I L ’ll t

i n  11011 iot~ I ng a U S C  Iti I d c v  I cc a I c I c L’c l r s  t 0 11111 0 b een  t iO l i t I C i  (‘ dl
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( ‘~c ll p1eI ’  se c t  i ons  fot’rncd 11-0111 short I o n p t h s  of  f i be r  c l o s e

I~~c h e l  w I t b out  bend ins  s t r e s s e s  can be en s i i  y ach i cv ed

b( ’ L ’
~~i ’ , 1 0 0  01 t i l L’ eI’c t t ’ cIll e l \ ’ l i c ’, hi t  1111150 I t I t c i  1 L l ” S e I ’ c O  o l  1 ’ I g t c l i 1
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I~ in  i s Ii t hi ’ 011th Lice

‘l ’hiis t he co t t ~ let’ Sec t  i o n  i t so,! I can he lab r I on ted - I n  ~“ rder
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ar e  Itch ievab I c . Un i f o r m  i tv  ot ’ output  oh  7 ‘port  dot ’ i OL ’5

appear s to he w e l l  w i t h  1 dl! .

The impl ’Ovemcnt  i n  c o u p l e  u’ pe r  io u -mancc  w i th  techn I quo I mpu ’ov  e

ment  WI tS acc o m pan i e d  by o b v i o u s  i m p r o v e m e n t  i n  c o u p l e t -

appea rance  in t he  t r an s  i t  i on a n d c o u p !  or i-ep  i o n s . Si nec

o b s e r v a t i o n  of  these  u - eg ion s  in  good c o u p l e r s  s t i l l  i n d i c a t e s

t h a t  s i g n ii i c a nt  d i  s to rt  iOnS e x i s t  , i t  a p pea r s  that I rnp i- o ved

f a b r i c a t i o n  t e c h n i q u e s  may \ - I e I L i  s t i l l  b e t t e t -  r e s u l t s .

Some of  t he  u nw an t e d  p h y s i c a l  d i s t o r t i o n s  t h a t  a p p e ar  i n  t h e
I

coupler appear to he due to t he  p r e s e n t  p a ck a g  i ng app t’oacl i

w h i c h  i’cqui i’es c o m p a c t i n g  of ~ i he r s li-om t h e  j a c k e t e d  con -

f i g u r a t i o n  down to  t h e  reg ion w h e r e  lus ~on occu u - s . Tb i s

p rocess  appeal - s to i n d uc e  res idu a l  s t r e s s e s  ic’hi i c h i  i ’e s t i l t i n

d i s t o r t  ion dur i n g  fus  ing - Pal-cr ic - c u t I on o I coup 1 eu ’ s I’ u ’om s luo  it

lengths of bare libe r sho ul ( 1  r educe  ot - e l  im in r i t e  t l i i  s e f l e c t  -

‘l’he packaging r e q u i r e m e n t s  foi  d e v i c e s  fa l-c u’ i ca t  ed t h i s  w ay

~~ have been mentioned in  the  p r e y  i o n s  s e c t  ion and are d i s c u s s e L l

in some detai l  in S e c t i o n  Vi , ~~~.

Re ulec t i t e  s tar couplers  Sh OU1 LI a,l so he a m e n ab l e  to Ca l - i’ icll

t ion  by t h e s e  t e c h n i q u e s  as discussed in  Se c t i o n  \ , 3 . i t

is expec ted tha t exce ss l o s s es  f o r  t he  r e f l e c t i v e  de t  i c e s
‘1

L ~~~~~~~~ - -  -~~~~~~~~~~~ 
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ut- i l l  be a p p r o x i m a t e l c - -  1 dl! gr e a t e l -  t i t an  i n  t h e  t r an s n t i s s i  y e

d cv  i ces  -

SO
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SECTION VI

CONCLUSIONS AND RECOMMENDATIONS

1. General  Conclusions

The previous sections have described in detail the fabrica-

t ion techniques and process es developed to form couplers for

f iber  op tic da ta bus appl ication s b y the d irec t fu sion of

uncladded PCS f i b e r s .  The per tinen t re sul ts of devic es

ac tual ly  fabr ica ted and ev alu ated have als o been presen ted.

On the basis of these results , it appears that the following

conc lusions can be ju st i f i ed :

O The f i be r  fus ion  process is a g e n e r a l l y  v i ab le  techni que

for f a b r i c a t i n g  low- lo s s  couplers  fo r  da ta  bus a p p l i c a t i o n s ;

O Excess  losses due to core/ c lad  r a t i o s  and pack ing  f r a c t i o n

can be eliminated (at least in some cases ) with only minor

excess losses incurred due to transitionin g reg ions in the

coupler;

O Splitting ratios in directional couplers and output vari-

abili ty in star couplers can be kept within fairly ti ght

tolerances ;

O Using current techniques there appears to he some problem

in “T” couplers associated with modal distribution .

In par ticular , the data for the directional couplers and the

7-port transmission stars show that excess losses can approach

S i

- -
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v e t - low values (‘t-. .3  and ~ .O dB r e s p e c t i v e ly )  and that w i t h

the  t echni ques used at  t h e  end of the progi-am , typical losses

can h e  - b and 3 . 0  dB respectively. The da ta on 19 — p o r t

t r a n s m i s s i o n  s t a r s  and even tile 3 -poi ’ t d e v i c e s  a l so  i n d i c a t e

t h a t  t e c h n i q u e  I m p r o v e m e n t s  over the  course  of the  p ro g i - am

had a s i gn i  l i c a n t  e f f e c t  i n  r e d u c i n g  f a b r i c a t i o n  r e l a t e d

l o s s e s .  As i n d i c a t e d  ear l i e i - , s t r e s s  i-e la ted  r e s i d u a l  geo-

m e t r y  d e f e c t s  appear  to now he a m a j o r  loss  f a c t o r .  I t ’ t i le

st  1-ess can he f u r t h e r  r e d u c e d , as i s  e x p e c t e d  in  a new p a c k a g e

des i gn to  be d i s c u s s e d  in Sec t  i On \ ‘ I , , t hen  t he c~ p p i i  l ’ L’ll

d ep e n d e n c e  o t ’ e x c e s s  l o s s  CII the n u m b e r  o I Ii  h e r s  i n  t u e

coup  I c r  may be s i gn i f i c a n t l y  reduced .

E v e n  a t  t h e  p r e sen t  l ev e l  o f ’ t e c h n i q a c  ( I e v e l o p m e n t  , t h e

c on t  i’ol o f  sp I i t t  i ng r a t  i os i n  d i  r o o t  i eon I coup  I er s  and

un u lo in i t  v i n  s t a r S  ap p e a r s  t o  dcpen (I 1 o a si gn I i c c i n l  d eg  i’ee

L ’Il t h e  LII rime t o t ’  coot  i’o 1 o I t i l e t ’i i - c e t’s us i~d i n  the coup 1 or

‘ l’hiis , even t h o u g h  t h e s e  pal’ameters a I r eaLl y a l -cpea  r to  be

un d er good con t  rol  , t h e r e  is  po t  cot i a 1 b r  f u r t h e  i improve -

I:ucn t W i  t II I iiip 1.0 t e d  i’ i h e r  LI I ame LL - 1 0 LIlI t 1-01

ftc 000 pcurame tel - w h i c h  s eem s  to  i - c e l e a s t  u f l d e r  c o n t r o l  a t

t h e  p r e s e n t  t i m e , as cv i d e n c e d  i n  pa Ft I cui 1 11 1’ I’\ I he 1 0 5 1 1  I t s

lc I t Ii t h e  V’ o o uu i- c le t ’ s , i s t h e  coup I l og  mod:i I LI i St  i’ i l - c u t  i on  i n
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d i r e c t i o n a l  cOUp 101- s - :\1 t h o u g h t I ’m i s  appea r s  to i - ep i - e sen t

a S ign i  ficant loss element in ‘U’ c o u p l et ’ s , and may h a v e  cm

measurable e f f e c t  when t he  ot  l i e u -  coup h e r s  arc eva luated in

lull svs  tems , i t  can 1-ce e x p e c t e d  t h a t  f u r t h e r  i mp r o V e m e n t

will be o b t a i n e d  w i t h  a d d it  i ou t a l  e I l ’oi- t -

ln  summary , the  r e s u l t s  of  t h i s  p r o g r a m  are  that

o I) irect  f u s i o n  of f i b e t ’  ~~~~ flll t t e i ’ i c m l ~ S c m

v i a b l e  t e c h n i q u e  fo r  c o u p l e r  f a b r i c a t i o n :

o U s a b l e  di I e c t  i o n al  couplei- s and ‘ -port

t r a n s m i s s i o n  s t a r s  hat -c been d e v e l o p e d  undet-

t h i s  p r o g r a m .

2 c m  . Re coCnmon d c t t j e l l s t o  I’ l u t u  t’C I )e i ’c I 01” IIIefl t

Over  ti le course of t h i s  p ro g ram , and based on t h e  r e s u l t s

rcpo rted in earl icr sect io n s , i t  ho c  aivme a p p a r e n t  t h a t  I I na I

package  des ign fo r  d i r ec t  fus  ion  couplers wo u l  (1 b e com e an

important factor both in couplei- P r O C C S S  ~ng and f a b r i c a t  i O u

and i n op t ical , mechan ic al , and env i ronmen t a l perf ormance .

C on c e q u e n t ly  an i m p o r t a n t  r e s u l t  o f  ti i i s  pI’ogl ’aCfl  has  been

tile evolu t ion of a package  (leS i gn c o n c e p t  ic’ii i c h i s  reco in

mended as a par t  of  fu t u r e  d e v e l o p men t  ef  t’o it s  - i n  Sec t  io n

V I , 21- c . I he l ao  t 01. 0 l e a d  t o g  t o  t l t m S l ’ e c o I n C i u e C ’m c l , m  I 011 c C FO

r e v i ew o d , the L i e s i g n  concep t  i s  p r e s e n t e d . 1111(1 e x p e c t e d

S .;

L ~ 
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i I~~ l ’ o \  co ent  s , m~~soc j a t e d  m~ i t  ii t lie utow ( l O s  I g!t c m re J I

:ua 1 1 v , u~ i t i m  lu ~ ad t at i c e  i n  has i c o u p  1 L i  t e o I i n ~ i o’~ r e p  I L ’

od u i  t i m  i s  pt ’ og t - aun , and I I I  ~a u - t I 0 1 1 1 c C  1’ t h e  d e l  I n e a t  m o n  0

‘ F . I C  t i 0 a l  P e r  10  I I ’ i l l u i C C  I eve I s e~~pe c t e d  - i t  a i t p e a r s  hat I I O F L ’

, L-t  a m  lO LL s t u dy  o f  ~‘ t b e t ’  sy s t e m s  c o m p o u i e u l t cun d  t i m e  e \ p e o t L ’d

yet’ t o r i n a n c e  ~0 V C  1 o I 5J e0 i f  i c t i b e t ’ op t  L O s  d a t  It hus  s\  S t ems

1 s i i i  oi -de u ’ . I i i  i s t o p  I c ~i 5 ( 11 s cu s s e d  h r  m e  f l y  i n  S e c t  on

- c .

-
- I’ m k.~~ ’ ‘- ~ I o ~ ~ o mn- . j , I c I ’ , t 1  I 0 I i~~

[h e  I o l  I - U s  ft ~’, I a o t o i - s i t c u v e  em e r g e d  as i i : ipot ’ t c m u i t  ~ l c U e I t t s  i l l

l i e  oomi s  i d e  u’ at  t o n  o i I iui : i  I p c m c k : 1 ~~e Lies  I ~~ il l O t ’  t h e -~~~m p  I ~‘

, ‘t L - i0 ~’ed i n i t i a l l y  i n  t h i s  P r o s~~c t1 :

o h c d c m - t L O l l  o f  F e S l d l I , I I  s t  l ’ ’- S O s  l C i ’ c C l C ’ fl t i l l  - ‘ I i :

p~m ckc mg ing t ccliii Hues

o 1 map r o t ’ I ng t It r oug h p u t  cha t ’ac  t~ or  i s 1. i~~~ ~ 1-c ’s a I I OI ~ u ng

t [ m c  1150 0 ~

‘ t W O  I adde L l  c oup  I or re~ iouis

o Rcm~m ova1 ot p c~~t a i i s  ItS an L I c I I ’ L ’ u ’ t J i l t  f 1m i lui -e 1Im eC }1clIl i~ ’1mi

due t o  t r a n s t e m - r a l  o f  e x t e t -n a l  s tl - e s s i ’s

o R e d u c t i o n  of d i I fci’ent jal thermal expans L O l l  d S  Ii

p o t e n t i a 1 sou u- ce o I O f l \  I r o l luu i en t a  11 y p r o d u c e d  t a  i l u r e

O ( Ons i d c i - ci t  ion  of  co n n e c t o r  t’equi ret ilen ts I t s  an i n t e g r a l

pa i - t  o f ’ t h e  p ac kctge , espec  I all y lo I ’ st ar c o u p  l o r s

S -I



The f i r s t of the se fac to r s has been d i scussed  in p r e v i o u s

sec tions of this repor t ; the re s idual  st res ses involv ed

appear to be directly related to the necessity for a transi-

tion region from the jacketed fiber confi guration to the com-

pac ted region where fusion takes place. The presence of

pi gtails hanging on the outside of the support structure may

also be a factor. Elimination of these stresses appeal’s to

be des irabl e for  bo th mechan ica l and opt i ca l pe r f o r m ance

requirements. Thus it appears that reduction of residual

s t r e s ses  can be ach ieved  only  t h r o u g h f u s i o n  of s h o r t  ba r e

f i b e r s  w i t h o u t  bends .

The gene ra l l y  better optical performance of couplers in the

uncladded state as indicated by the  ( la ta  on the  i n d i v i d u a l

couplers ha s been d isc u s s ed. I t  a p p e a r s  to be due to  retell-

t ion in the coupler reg ion  of up convc ’r t ed moL les f r o m  the  i n p u t

fibers which would be lost if the couplei- r e g i o n  we t-c c l a d d e d .

These then  appear  to he d own c o nv e r t e d  i n t o  t h e  f i b e r  o u t p u t s .

A l t h o u g h  i t  appea r s  p r o b a b l e  t h a t  t h i s  e f f e c t  w o u l d  he

reduced i f  the  f i n i s h e d  c o u p l e r  g e o m et r \ -  i s  im p r o v ed  in  o t h e r

respec ts , i t  shou ld  remain a c o n s i d e r a t i o n , a t  l e a s t  f o r  t h e

p resen t , because of i t s  p o t e n t i a l  i m p l m c t  00 c o u p l et ’  p e l - I o r m a r l c e .

The r e s u l t i n g  i m p l i c a t i o n  fo r  t h e  package  i s  an open i n t e r n a l

des ign  w h i c h  can i)e scaled from outside env i r o n m e : i t a I  e f f e c t s .
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The i-c s i l  i ency of the  c l a d d i n g  m a t e i ’ i a l  used in PCS f i b e r s

is  s u f f i c i e n t  to a l l o w  m e a s u r a b l e  movement  of the  f i b e r  core

r e l a t i v e  to the  o u t e r  j a c k e t  under  b e n d i n g  c o n d i t i o n s .  ‘l’his

t r a n s l a t e s  i n t o  an e x t e r n a l l y  imposed s t r e s s  at the  transi-

t i on  f r o m  i n d i v i d u a l , sep a i - at ed  f i b e r s  t o  the  fu sed  reg i o n .

S i n c e  t h i s  ar ea ap p e a r s  t o he si gn i f i c a n t l y  1-educed ifl

s t r e n g t h , m a n i p u l a t i o n  of  the  p i g t a i l  f i b e r s  becomes  a sou rce

f o r  p o t e n t i a l  coup le r  f a i l u r e .  On t h i s  b a s i s  the  e l i m i n a t i o n

of  p i g t a i l s  s e e m s  to  he c a l l e d  f o r .

U i t ’ f el -en t  i a l  t i i e i -ma l e x p a n s i o n  b e t w e e n  the  fused  s i l i c a

c o up l e r ,’ t i b e r  comb m a t  i o n  and t h e  b a s i c  package  mount  is

e xp e c t e d  to be a p o t e n t  i :u l f a i l u r e  m e c h a n i s m  due to  i m p o s e d

s t r e s s  f o r  c o u p l e r s  used in e x t r e m e  t e m p e r a t u r c  e n v i r o n m e n t s

I’hus a iiia i or cons  ido  m a t  i o n  i s  til e cho i ce  of has i c P l a t e  i’ ic t l

o he used  f o r  any new p a c k a g e  des i git .

1- i l l a l  lv , at l e a s t  i n  t h e  case  of  the  s t a r  c o u p l e r s , t h e lar g e

nunher o f  m d i  v i d u a l  f i b e r s  l e ad s  to  a p o t e n t i a l  l v  s i  go i I i c c I n t

m a t e r i a l  and i n s t a l l a t  ion  cos t  i f  t e r m i n a t i o n  i s  made w i t h

single fiber connect ors. l Imos a new p a c k a g e  d e s i g n  s h o u l d

p r o v i d e  the  capai-c i I i t v  f o r  i n c o r p o r a t  ing  an .i n t e g r a l  c o n n e c t o r  -

Tb I s shoul d a l so  lead  to ct Si gn i I i c a n t  s i ~e r educ  t i o n .

So

--

~

,-- _
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,- \ l l  of t h e s e  f a c t o r s  can  be taken into p r o p L  r cons  i.i t’rat i o u

by u s i n g  an i n t e g r a t e d  c o u p l e i - / c o n n e c t o r  package concept .

Bent  f i b e r s  are  e l i m i n a t e d  as  a sout’ce of i’es jdu c ml st i’esses

p i g t a i l  u ib e i - s at - c  e l i m i n a t e d  as b o t h  c m s o u r c e  o f  m ’es i d m i a l

f ab r i c a t i o n  s t r e s s e s  and e x t e r n a l l y  i n d u c e d  s t r e s s  f a i l u r e ,

and the  d i r e c t  i n t e g r a t i o n  of  a s i n t ~le  a l  i g nm e nt  n e c h i n i  so ,

m u l t iw a v  cOnnec to t -  is  l i cco r ip i  i sh i e Ll . duc e  an i n t e g r a t e d

p a c k a g e  c o n c e p t  is  ac cc~~t ed  , t he  cotu’~1ei- can  h e  le  It ur ic l m d d c d

p i - ovided  the  p a c k a g e  is a p p rop  t i ~l t o  I S LUl l ed . i h  i s d o c s  n o t

appear to p r e s e n t  a s i gn i f i c a n t  p re i - c  lo in . ~
- i n a i l  , t i l e  c ent  u ’a 1

suppo it  ci e :nent in the packag e ccl i i  h e  ch io s  en f r o m  :i w i do

t - a r i e tv  o f mate  i-i a is  to  ri ce t t h e  t ime  ui ’m ,L 1 e x pa n s  ion i’equ i re

inen t .

I t  is exp e c t e d  t h at  an i n t e g r a t e d  p a c k a g e  as di~’cussed luhol c

w i l l  r e s u l t  i n :

o Small  p a c k a g e  s i : e

o I m p r o v e d  t h r o u g ilput

o Improved  modal d i s t r i b u t io n

o C a p ah i l  i t v  o f  m a t i n g  t o  g l a s s - g la s s  t i l l e r s  i~ L t l l  t h i c

use of a t r a n s i t i o n  e l e m e n t

‘I’he s m a l l  package  si  :e is ach I el-eL I i ’
~~mar i iy  by  ci u r n  t n . t

of  the requirement for an ext em ’n~m 1 m o u n t  l og  s u i t  a c e

or m u l t i  -wa connectors. Th r o u g i i ~- c tt t imp i -ove rme i r  

-
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elimination of internal cladding and reduction of residual

stresses while the latter may be expected to result in better

modal distribution . The central coupler element may be used ,

with the aid of a transition element , in data bus systems

using glass-glass fibers instead of PCS. Although design of

an appropriate transitioning element is only at the concept

stage , it should be readily impleinentable in this package

concept.

Two additional benefits should result from the use of a new

package concept:

o Reduction of excess losses in “1” couplers

o Capability of fabricating reflection star couplers .

.~c. System Considerations

The development of practical couplers for single fiber data

bus systems has reached the level where detailed design

information will soon be required. Detailed system design

study must be conducted in order to determine real coupler

requirements. Specifically , fiber type and core size , di-

rectional coupler splitting ratios , “T” coupler distribution

ratios , transmission or reflection coupler and number of ports

required need to be determined in detail. Among the elements

that must be considered are:
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o Basic System Topology

o “T” vs Star Distribution

o Uni- or Bi-Directional Fiber Transmission

o Redundancy Requirements

o Source-Fiber Coupling Efficiency vs Core Size

o Fiber Transmission and Mechanical Characteristics

vs Core Size

o Economic trade-offs concerning proliferation of

specific coupler designs

o State-of-Art Coupler Performance

Coupler state-of-art for system design considerations can

be considered to be:

o Directional Couplers

Excess Losses: 0.7 dB

Maximum splitting ratio: -14 ±2 dB

Minimum splitting ratio : 3 dB (plus excess)

~‘1aximum splitting ratio will change according to

-20 log10 ~O_

where d is fiber core diameter in urn.
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o “T” Coupler

Excess losses: 3.0 to 4.0 dB

Maximum Splitti ng Ratio: -14 2.0 dB

M i n i m u m  Splitti ng Ratio: 3 dB + excess

Maximum S p l i t t i n g  ratio will change according to

- ‘0 ~og 10 ~

Excess  losses can he expected  to approach 2 dB w i t h

technique deve lopment .

o Transmission Star Coupler

Excess Loss :  7 - p o r t  3. 0 dB

19 -po r t  5 . 0  dB

3 2 - p o r t  ~ .0 JR

Minimum Fiber Size approximately 50 urn

o Reflection Star Coupler (Projected)

Excess Loss: 7-port 4.0 dB

19-port  ô . 0  JR

3 2 - p o r t  8 .0  dB

M inimum Fiber Size approximately 50 urn
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